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MINERALS. 


Fine Cabinet Specimens. Systematic Collections. 
For Blowpipe Analysis. For Commercial Purposes. 


Choicest and Most Complete Stock in United States. 
Catalogue Free. 


RECENT ADDITIONS. 

English Minerals—1924 fine Calcites at 10c. to $10.00; 329 choice Ba- 
rites at 10c. to $5.00; 144 Fluorites, large and small, regular and 
modified, green, purple, blue, white, 5c. to $37.50; Specular Iron 
and Quartz, a very large and fine lot, 10c. to $3.50 ; Chalcotrichite, 
Olivenite, Kampylite, etc., etc., 12 cases weighing 1682 lbs. Over 
3,300 specimens, 

Mt. Antero Minerals—Bertrandite, a fine lot of gangue specimens 
secured by our Colorado collector, and believed by him to be the 
last specimens obtainable, 25c. to $7.50; Phenacite, a few extra 
good specimens, $1.00 to $25.00; Gem Aquamarines, a small lot, 
d0c. to $2.50; Orthoclase Crystals, very excellent, 10c. to $1.00. 


Nathrop Minerals—Spessartite, the largest crystals ever found at Na- 
throp, Colo., perfect and brilliant, $1.00 to $5.00; small crystals, 
very good, 10c. to $1.00; Topaz, choice yellow crystals, some 
doubly terminated, 50c. to $2.50. Both the above in rhyolite. 


French Creek Minerals—Chalcopyrite, a very fine lot of the unequalled 
iridescent groups of crystals just received, 50c. to $5.00; Pyrite, a 
few choice specimens, 25c. to $2.00; Apophyllite, probably the last 
that will come into the market, as the mine is now full of water, 
10c. to $2.00 ; Radiated Orthoclase, 10c. to T5c.; Byssolitic Calcite, 
10c. to $1.50 (extra good). 


Calumet Minerals—Epidote, good crystals, 10c. to $1.00; Quartz, enclos- 
ing long needles of Byssolite, 5c. to $1.50. A choice lot from Cal- 
umet, Colorado. 

Herkimer Co, Quartz—Probably the finest lot ever secured, 5c. to $3.00. 

Hot Springs Quartz—A small lot of extra choice crystals, 25c. to $3.00. 

Sundry Lots—Hydromagnesite in tufts of crystals ; fibrous Natrolite ; 
Malacolite crystals; Nemalite; Pyrite from Leadville, Colo., (new) 
in large, bright, modified crystals; Minium ; Mexican Apophyllite, 
Calcite, etc. ; Elba Hematite; Swiss Hematite, Quartz, Anatase, 
etc.; Japanese Topaz and Orthoclase ; Salida Garnets ; Utah copper 
arseniates; Red Wulfenites ; Vanadinites; Azurites ; Malachites ; 
Descloizites, etc., etc. 

New lots constantly arriving. 

Blowpipe Minerals—The especial attention of Colleges and Students is 
called to our stock of minerals for Blowpipe Analysis, which we 
believe to be the largest, best, and lowest priced in the country. A 
trial order will convince any one. We have been adding largely 
to our stock recently, and are especially careful to secure the very 
purest material obtainable. 


GEO. L. ENGLISH & CO., Dealers in Minerals, 
1512 Chestnut Street, - . Philadelphia, Pa. 
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AMERICAN JOURNAL OF SCIENCE 


[THIRD SERIES.] 


Art. XXX VII.—On the Origin of Normal Faults and of the 
Structure of the Basin region ; by JOSEPH LECONTE. 


I HAVE already, in a previous paper (Am. Geol., vol. iv, p. 38), 
given reasons for thinking that the general structure of the 
earth is that of ,a solid nucleus constituting nearly its whole 
mass, a solid crust of inconsiderable comparative thickness, and 
asubcrust liquid layer, either universal or over large areas, sepa- 
rating the one from the other. In this paper I assume such a 
general constitution. I assume also that the crust rests upon the 
suberust liquid as a floating body. We may well assume this 
because, broken as we know the crust to be, if it were not so it 
would long ago have sunk into the suberust liquid. I have also, 
in the previous article already alluded to, shown that this con- 
dition of flotation would be the necessary result of the increas- 
ing density of the earth as we go down. I now wish to apply 
these two assumptions to the explanation of Normal Faults and 
of the origin of the Structure of the Basin region. 

C rust-fissures and great faults.—Leaving aside the small 
fractures called joints which affect rocks of all kinds and in all 
places, the crust of the earth, as is well known, is everywhere 
traversed by great fissures more or less parallel to one another 
in the same region, often hundreds of miles in length, and pass- 
ing entirely through the crust into the suberust liquid beneath, 
by which the crust is broken into great oblong crust-blocks many 
miles in extent and through which the subcrust liquid is often 
outpoured on the surface in the form of lava sheets. The walls 
of such fissures do not remain in their original position but are 
always slipped, one side being heaved and the other dropped. 
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Such displacements are called faults. The amount of vertical 
displacement is often enormous, especially in the Basin and Pla- 
teau regions. The vertical displacement on the north side of 
the Uinta Mountains according to Powell is 20,000 ft., that on 
the west side of the Wahsatch according to King is 40,000 ft. 
In the Plateau region according to Dutton there are faults 
extending for 200 miles with a vertical displacement of 2000 
to 12,000 feet. It seems impossible to accotint for such faults, 
unless there be a subcrust liquid. 

The displacement of these enormous crust-blocks did not 
take place all at once, nor by uniform motion, but by a succes- 
sion of slight slippings, each doubtless attended by an earthquake. 
This is by far the most common cause of earthquakes. If it 
were not for erosion, of course every fault would be marked by 
a great cliff of height equal to the displacement. But in every 
case the resulting cliff has been greatly lessened, and in many 
cases entirely destroyed by erosion. If, however, the rate of 
slipping has been greater than the rate of erosion a cliff will be 
formed ; and if the time since the displacement was finished be 
not too great, the cliff will still remain. The faults of the Basin 
and Plateau region are on an enormous scale and are of compar- 
atively recent origin, in fact are still growing. For this reason 
fault-scarps form a very conspicuous feature of this region. 

Law of Faults.—It fissures be vertical so that the crust- 
blocks are rectangular prisms, then one block may sink bodily 
lower and another float bodily higher, giving rise to level tables 


Ideal section showing the geueral structure of the Plateau region. 


separated by fault-cliffs (fig. 1). This structure is so common 
in the Plateau region that it may well be called Plateau-region 
structure. In such cases the fissures being vertical we can have 
no distinctive names for the two walls. But in nearly all cases 
the fractures are more or less inclined, and therefore we have 


Normal Faults. Reverse Fault. 


an upper or hanging wall and a lower or foot wall. Now in 
by far the larger number of faults we find that the foot wall 
has gone up and the hanging wall dropped down. These there- 
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fore are called normal faults (figs. 2 and 3). In many eases 
however, especially in strongly folded and crumpled strata 
whether in existing mountains or in the places of extinct moun- 
tains, we find faults in which the hanging wall has slidden 
upward and forward over the foot wall. These therefore are 
called reverse faults (fig. 4). 

Theory of Faults.—The explanation of the reverse faults 
seems obvious enough. They occur, as we have already said, 
mostly in strongly folded regions. Such folds can only be 
produced by lateral pressure. The pressure when extreme 
often produces overfolds. If such overfolds break, the dip of 
the fissure will be toward the direction from which the pressure 
came and the hanging wall be pushed forward and upward over 
the footwall by the sheer force of the lateral thrust (figs. 5, 6 


Diagrams showing made of formation of reverse faults. 
(After DeMargerie and Heim.) 


and 7). Extreme examples of this are found in the Scottish 
highlands in which the plane of displacement is nearly or quite 
horizontal. These are called by Geikie thrust-planes (tig. 8). 

But the explanation of normal faults which are by far the 
most common is not so obvious. I will give very briefly what 
seems to me the simplest explanation—an explanation which I 
have used in my class lectures for many years. 

Suppose then the earth-crust in any place to be not crowded 
together by lateral pressure, as in the formation of mountains of 
the Appalachian type, but + into an arch by intumes- 
cence of the subcrust liquid. Such local intumescence of the 
suberust liquid may be the result (a) of elastic force of steam 
incorporated in the magma in more than usual quantity by 
the access of water from above, or (6) of hydrostatic pressure 
transferred from a subsiding area in some other perhaps distant 
place. Such an arch being put upon a stretch would be broken 
by long fissures more or less parallel to one another and to the 
axis of uplift into oblong prismatic crust-blocks many miles in 
extent. After the outpouring of liquid lava or the escape of 
elastic vapors had relieved the tension, these crust-blocks 
would again be re-adjusted by gravity. If the blocks are rect- 
angular prisms, some may float bodily higher and some sink 
bodily lower, giving rise to level tables separated by fault cliffs 
as in the Plateau region already explained. But if the fissures 
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are more or less znclined, as is more commonly the case, then it is 
evident that the crust-blocks will be either rhomboidal (a, }, 7, g,) 
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A. Crust broken into blocks. 3B. Crust arched and blocks separated. OC. Crust 
re-adjusted by gravity. 


or wedge shaped (¢, d, ¢, fig.9 A). These in the arching of the 
crust would be separated from one another, fig. 9 B. But after the 
relief of tension by outpouring of lava or by the escape of steam, 
they would of course readjust themselves by gravity in new 
positions. Now by the laws of flotation how would such blocks 
adjust themselves? It is quite evident that every rhomboidal 
block would tip over on the overhanging side and heave up on 
the obtuse angle side producing in every case normal faults, and 
every wedged-shaped block would sink bodily lower or float 
bodily higher according as the base of the wedge were upward 
or downward, producing again in every case normal faults (fig. 
9C). A thick board sawn in the manner represented in fig. 9 A 
and the separated blocks placed together and floated on water 
would take exactly the positions represented in fig. 9 C. The ex- 
planation is complete. Of course erosion will modify the fault- 
scarps thus formed, by sculpturing their faces and by reducing 
their heights and slopes or even in some cases effacing them 
altogether. But if the fracturing and faulting have been geolog- 
ically recent and on a large enough scale they may still remain 
and give rise to very conspicuous orographic features. 

It is in this way that the orographie features of the Basin 
region have been formed ; and the scale has been so grand and 
the features are so conspicuous that the resulting structure has 
been appropriately called Basin structure. The Basin region, 
according to the researches of King, Gilbert and Russell, is 
traversed by numerous north and south ridges several thou- 
sand feet high, with intervening valleys which are now or have 
been occupied by lakes. Although greatly modified by con- 

emporaneous igneous ejections and subsequent erosion, these 
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mountains consist: essentially of gentle monoclinal slopes ter- 
minated by fault-scarps. They are in fact a succession of 
tilted and displaced crust blocks (fig. 10). The simplest and 


Fig. 10. Basin structure, (after Gilbert.) 


most beautiful illustration of this structure is found in the 
northern part of the Basin region in S. E. Oregon. In this 
region, as Russell has shown, the country rock consists of level 
sheets of lava outpoured during the later Tertiary period. 
These have been subsequently broken by parallel N. and S. 
fissures into rhomboidal and wedge-shaped blocks, which, 
readjusting themselves by gravity, have tilted or else sunk 
bodily lower, or floated bodily higher, so as to make a succes- 
sion of normal faults. Moreover, the event has been so recent 
and the scale so grand that the uptilted side of each block 
forms a mountain ridge and the down dropped side a valley, 
on which has often accumulated a lake (fig. 11). Where the 


Fig. 11. Sketch section showing structure of S. E. Oregon, (after Russell.) 
W. L.—Warner Lake. A. L.—Albert Lake. Ch. V.—Chewaukan Valley. 
inclination of contiguous fissures are in opposite directions, so as 
to form wedge-shaped blocks, these, as already explained, will 
drop down or heave up bodily. Some of the most conspicu- 
ous valleys are formed in this way—as for example Chewaukan 
Valley in Oregon, and Surprise Valley in N. E. California. 

Geological age of these events.—I have already shown in a 
previous article (this Journal, vol. xxxii, p. 167, 1886), that the 
Sierra Nevada is a great crust-block 300 miles long and 50 60 
miles wide heaved and slipped on the eastern side, forming 
there a great fault of 15,000-20,000 feet vertical displacement, 
and that this took place at the end of the Tertiary, accom- 
panied with floods of lava. The evidence of this is found in 
the relation of the new to the old river-beds. The rivers dis- 
placed from their old beds by the lava have since that time cut 
tar deeper than before, although cutting far less time.* Now, 

*There is another evidence of the comparative recency of the origin of the 
Sierra in its present form, to which attention is now drawn for the first time. It 
is well known that slates overlying the axial granite are found forming the very 
crests of the Sierra. Furthermore, the deepest biting into the gramite is found 
twenty miles westward of the crests in the region of the domes about the margin 
of the Upper Yosemite. This would be impossible if the crest had been in its 
present position ever since Jurassic times. When these mountains were first 
formed at the end of the Jurassic, the crest was probably about the region of the 
Domes. The tilting of the Sierra crust-block transferred it eastward to, or a little 
beyond, its present position Since that time it has been migrating westward by 
erosion. But the recency of this event is shown by the fact that these once 
flanking slates now forming the crest have not yet been removed. 
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this event seems, as shown by Russell to have been coincident 
with the formation of the Basin ridges, and both of these with 
the formation of the great fault-scarp on the western side of 
the Wahsatch range. 

How the Basin system was formed.—Now regarding the 
Sierra and Wahsatch as belonging to the Basin system, we 
may imagine how the whole system was formed. At the end 
of the Tertiary the whole region from the Wahsatch to the 
Sierra, inclusive, was lifted by intumescent lava into a great 
arch, the abutments of which were the Sierra on the one side 
and the Wahsatch on the other as shown in the dotted line 


Fig. 12. Ideal section, showing mode of formation of Basin system. 


(fig. 12). The arch broke down and the broken parts readjusted 
themselves by gravity into the ridges and valleys of the Basin 
region, leaving the raw faces of the abutments overlooking the 
Basin and toward one another. It must not be supposed, 
however, that this took place at once, but gradually; the 
lifting, the breaking down and the readjustment going on to- 
gether pari passu ; each readjustment probably giving rise to 
an earthquake. 

Process still going on —There are many evidences that the 
rocess of adjustment of these crust-blocks is still going on. 
n the Sierra we find evidence in the still deepening channels 

of the rivers and especially in the occasional readjustment of 
the walls of the eastern fault of the Sierra block. The Inyo 
earthquake of 1872 was undoubtedly produced in this way. 
Gilbert also finds evidences of recent movement of the 
Wahsateh block in the faulted terraces of Lake Bonneville; 
and in this fact foresees the probability of destructive earth- 
quakes here in the future. In the Basin region, both in Nevada 
and in S. E. Oregon, Russell finds evidences of the same in 
faulted lake terraces. Finally, during a camp of two or three 
weeks in 1887 in Warner Mountains, where the structure 
described by Russell+is finely displayed, I found abundant 
evidences of local subsidence still in progress. Many small 
lakes in that region, probably of the type produced by block- 
tilting, have apparently been formed during the present cen- 
tury. In Blue Lake, for example, I found stumps of pines 
standing in water fifty or more feet deep, rotted off level with 
the surface, but perfectly sound below. 

Two kinds of mountains.—I must not be understood as main- 

taining that the Sierra, the Wahsatch and the Basin ranges 
were entirely formed at the end of the Tertiary. Some of the 
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Basin ranges, for example those of S. E. Oregon, were indeed 
wholly formed at that time and in the manner already ex- 
plained. But the Sierra, the Wahsatch and many of the Basin 
ranges existed before that time. The Sierra was born from 
the sea by the folding and upswelling of thick sediments at 
the end of the Jurassic. Many ranges in the Basin region 
were formed at the same time and in the same way. The 
Wahsatch was similarly formed, probably about the end of the 
Cretaceous. But at the end of the Tertiary the greatly eroded 
land surface previously formed in this region was arched and 
broken and readjusted, forming these ranges in their present 
condition, as already explained. 

In an article published in 1872,* entitled “Theory of the 
formation of the greater features of the earth’s surface.” ,I 
showed that mountain ranges were formed by lateral pressure 
acting upon thick sediments folding and swelling up the mass 
along the line of yielding. In another article published in 
1878,+ I further developed the same views and tried to show 
that even the Basin ranges—claimed by Gilbert as belonging to 
a different type and formed in a different way—were no excep- 
tion; that they also were formed by lateral pressure; only 
that in this case the crust of the earth being rigid would not 
yield by mashing, but only by arching—the blocks of the 
broken arch readjusting themselves to form the orographic 
features already described; and therefore that mountain 
ranges are all of one type and formed in one way, viz: by 
lateral pressure. I now feel compelled to modify this state- 
ment. It is evident from the character of the faults i. e. 
normal instead of reverse faults, that the arch was not formed 
by lateral pressure but by tension of lifting. Therefore, I 
now believe that mountain ranges are of two types: (1.) Those 
formed by lateral crushing and folding, and (2.) those formed 
by adjustment of crust-blocks. The one produces reverse 
faults, the other normal faults. The best types of the one are 
the Appalachian, the Alps, and the Coast ranges of California ; 
the best types of the other are the Basin ranges. Very often 
the two types are mixed, or one is superposed on the other— 
the one or the other predominating. This is the case with the 
Sierra, the Wahsatch, and to some extent with many of the 
Basin ranges. 

Note.—Since writing the above my attention has been called 
to the fact that Hopkins, in his “ Researches in Physical Geology” 
(Phil. Trans. for 1842, p. 58), gives a similar explanation of normal 
faults in the case of wedge-shaped blocks, but he says nothing of 
the far more common case of rhomboidal blocks. 


* This Journal, vol. iv, p. 345-460. 
+ This Journal, vol, xvi, p. 95. 
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Art. XXXVIII.—On the Circular Polarization of certain 
Tartrate Solutions—I1; by J. H. Lone. 


My first experiments on the circular polarization of tartrate 
solutions were described in the number of this Journal for 
November, 1888, volume xxxvi, page 351. (See also Chemical 
News, December, 1888, page 313). It was there shown that 
the rotation of solutions of potassium sodium tartrate is changed 
by the addition of various inactive salts, being increased by salts 
of potassium and ammonium, and decreased by salts of sodium, 
lithium and thallium, with the decrease in the last case espe- 
cially marked. In this paper I describe experiments carried out 
wth other tartrates. In these later investigations I have em- 
ployed the large Landolt polariscope made by Schmidt & Heensch 
using the 400™" tube. As the specific gravity of the solutions 
tested was found in nearly every case I have usually employed 
in the reductions, the formula 

10°a 
[a|= LPD 
instead of the simpler one 


4 
[a] = 


where «@ is the observed angle of rotation, L the length of the 
tube in millimeters, C the concentration, or number of grams 
of active substance in 100°, all weights being reduced to vacuo, 
D the specific gravity of the solution referred to water at 4°, 
and P the per cent, by weight, of active substance in solution. 


Potassium Antimony Tartrate, K(SbO)C,H,O,.$H,0. 


For a study of this salt a preparation from Schuchardt was 
purified by several crystallizations. The tests, at 20°, gave, 


 22°545  141°144 
@ 28207 a] 141-273 
a  33°880 [a] 141-404 


° 
= a = 11°236 B = 140°688 


In calculating [a] a slight correction has been introduced 
because of the fact that the measuring flask employed in 
making the solutions held 100°17° instead of 100°. 

It will be noticed that there is a slight increase in the specitic 
rotation by increase in concentration. By increase of temper- 
ature there is, however, a decrease. For ¢ = 28° I found 
[a] = 189°-92, taking into consideration the change in density 
of solution. 
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The values for the specific rotation are slightly higher than 
found by Landolt for similar solutions. 

Having established the value of the specific rotation, for the 
salt employed, I next sought to determine the variations in 
this when’ various inactive substances were dissolved with 
definite amounts of the potassium antimony tartrate. All 
attempts to prepare solutions with iodides, even in small 
amount, failed because of more or less rapid precipitation of 
oxyiodide. This did not take place with pure chlorides or 
bromides. I likewise found it difficult to prepare stable solu- 
tions with any potassium salt. Even potassium chloride and 
nitrate gave crystalline precipitates on standing but ashort time, 
except when added in very small amount. Much better results 
were obtained with sodium and ammonium salts. The data 
obtained can be best shown in tabular form, and hence they 
will be presented in that way. The first column in the table 
below shows the amount of inactive salt dissolved with 58 
of the tartrate in 100° at 20° C. The second column gives the 
observed rotation for the tube 400 in length. The third 
ene _—_ the specific rotation caleulated by the formula 


[a] = ed and corrected for the error of the flask. In the 


fourth column is given the change from the normal specific 
rotation of the active salt, and in the last column it is shown 
in several cases how this varies by increase in the amount of 
the inactive salt. 
Formula and amount Observed Specific Deviation Change 
ot inactive salt. rotatiou rotation rom in this. 
a {aj normal. 
NaCl 28075 140613 — “660 
NaCl 10 27738 138925 2348 
NaCl 15 27-460 137532 — 3-741 
NH,Cl 5 28188 141°179 “094 
NH,Ci 10 27965 140-053 1-220 
NaNO, 5 28-025  140°363 910 
NaNO, 10 27-718 138°825 2°448 
NaNO; 15 27-427 
NH,NOs 5 28155 141-013 260 
NH,NO; 10 27°865 139°561 1-712 
NH,NO; 15 27°620 138°334 2°939 
5 25°745 128944 12-329 
10 24676 123589 17-684 
KCl 28-200 141-238 = — «+035 
KNO, 58-205 141:264 — 
KBr 27945 139°953 — 1:320 
The last three solutions were clear when used, but on 
standing a few hours a crystalline precipitate separated out. 
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Attempts were made to prepare solutions containing salts of 
thallium with the potassium antimony tartrate, but only very 
dilute ones could be obtained. 

In the above table it will be observed that without exception 
the specific rotation is decreased by addition of inactive salts, 
this decrease being especially marked in the case of sodium 
acetate. In the preparation of the solution with this salt it 
was observed that heating must be avoided as this produced a 
precipitate in a short time. It was also noticed that a solution 
with 15°" of sodium acetate gave a crystalline precipitate after 
standing. The mixture, therefore, is not a very stable one, and 
the greatly decreased rotation indicates that some change has 
taken place, even before a precipitate appears. The precipi- 
tation by acetates has been pointed out before, but attention 
has never been especially called to it. 

It will also be noticed that the nitrates of sodium, and 
ammonium produce a greater change than do the correspond- 
ing chlorides, and finally that when several solutions with 
the same inactive substance were tried the rate of increase 
in the deviation from the normal specific rotation is a dimin- 
ishing one with the concentration. 


Thallium Tartrate, T1,C,H,0,.4H,0. 


This salt was prepared from the sulphate which was first con- 
verted into the hydrate by means of solution of barium hydrate. 
The hydrate was neutralized with solution of tartaric acid, 
the point of neutrality being shown by disappearance of re- 
action with phenol-phthalein. The salt thus made was purified 
by several crystallizations and was shown by analysis to have 
the above composition, which agrees with the formula found 
by Lamy and Des Cloizeaux (J. B. 1868, p. 254). 

5 grm. of the salt in 100° polarized in the 400™™ tube at 20° 
gave 

a = 0°'950 
from which [a] 4°°758 
Another solution was polarized at 19° and at 28°-4 giving 


0°°915 
[a], 4 [@]o5.4= 5°°704 
From the mean of the observations we have 
[a], 4-729 

This gives a marked increase by temperature. 

To test the effect of addition of inactive salts I prepared six 
solutions containing, with 5 grm. of the tartrate, compounds of 
sodium and potassium, and one with thallium sulphate, and 
polarized them as before. The results are given in the table 
below: 
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Observed Specific Deviation 
Formula and amount ot rotation rotation from 
inactive salt. {a} normal. 


° 
NaNO, 8-214 +3°485 
NaC.H;0, 3H,0 + 2°308 
Na.SO, 8°409 +3°680 
KNO,; +2 383 
K.CO; 9°166 +4°437 


5 


Noan»co o 
HOS 


We find here that without exception the potassium and 
sodium salts produce a marked increase in the rotation. In 
the case of potassium carbonate the rotation is nearly doubled 
and suggests at once the behavior of potassium tartrate as the 
active body. The combined tartaric acid in 5 grams of thallium 
tartrate is equivalent to that in 2 grams of potassium tartrate, 
and supposing that amount of this salt in solution we can write 
the specific rotation 

[a] = 22°-90 
The actual specific rotatiun of the anhydrous salt is given by 
Landolt for C = 11°6 as 


[a] = 28°48 


while a slightly lower value is given by Krecke. It seems pos- 
sible, therefore, to account for this large rotation by assuming 


the presence of some neutral potassium tartrate. The other 
inactive salts experimented with do not seem to have as great 
a decomposing power on the tartrate, if this assumption may 
be considered the correct one. It will be noticed that the 
thallium sulphate decreases the rotation slightly. 


Thallium Bi-tartrate, HTIC,H,O,. 


This salt was prepared by treating thallium carbonate with 
an excess of tartaric acid. As it is but slightly soluble it was 
easily freed from the excess of acid by crystallization and wash- 
ing with water. 

I investigated only one solution, having a strength of 1®" in 
100°, and found 

a= 0°48 ¢ = 20° 
[a]= 12°02 


Thallium Sodium Tartrate, 


This beautiful salt is readily produced by mixing solutions 
of the acid thallium tartrate and sodium carbonate in equiva- 
lent proportions and allowing to crystallize after sufficient con- 
centration. Large crystals resembling those of Rochelle salt 
are formed. They are, however, liable to break down by loss 
of water of crystallization, unless kept in a perfectly close bot- 
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tle. The salt is readily soluble. The results of the tests are 
shown in tabular form. 
gm. in 100 ce. A a [a] 
5 gm. TINaQ,H,0,.4H,0.. 10317 48379 1810 9:065 
10652 93710 3075 7701 
-- 10992 13623 4188 6992 
13 17651 5186 6-492 

A marked decrease in the specifie rotation by increase of 
concentration is shown. This is best illustrated by a curve ob- 
tained by plotting the concentrations as abscissas and the spe- 
cific rotations as ordinates, which will be found below. 

In order to find the effect of change of temperature I pre- 
pared a solution containing 108" of the anhydrous salt in 100°. 

Direct tests gave 

Dis = 10791 D39= 10741 
from which were calculated 
9 = 8°°595 
 9°°490 
we have here an increase of over 10 per cent for only 8° of 
temperature, which is somewhat remarkable. 

The influence of the presence of inactive salts was shown by 
testing three solutions at 20°. One containing in 100° 108 of 
the tartrate and 5®" of sodium sulphate (anhyd.) gave [a] = 
10°°192 ; the second containing 108” of the tartrate and 5 &™ of 
thallium sulphate gave [a] = 5°°494, while the third, made by 
mixing equal volumes of the other two, gave [a] = 8°-139. 


Thallium Lithium Tartrate, TILiC,H,O,.H,0. 


This salt was prepared from pure thallium bitartrate and 
lithium carbonate, and was readily obtained in large crystals 
which were found by analysis to possess the above formula. 
Four solutions were tested, the results given in the table below 
show a great similarity between the behavior of this salt and 
that of the preceding one, which is likewise indicated by a 
curve, plotted as before. 


gm. in 100 ce. A a [a] 
5 gm. 10347 48150  9°456 
15 “ 11107 13°480 4276  7°139 


A solution containing 108" of the tartrate and 5® of thallium 
sulphate in 100° gave [a] = 5°'841; a solution containing 10°" 
of the tartrate and 58" of lithium sulphate gave [a] = 10°°104, 
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while a mixture of equal volumes of the two solutions gave 
[a] = 8°-089. 

Here, as in the case of the thallium sodium compound, addi- 
tion of more thallium produces a great decrease in the specific 
rotation, while addition of a lithium salt increases it. The re- 
sult obtained from the mixture is greater than the mean of the 
other two, and probably because the number of molecules of 
lithium sulphate present is greater than the number of mole- 
cules of thallium sulphate. 


Thallium Antimony Tartrate, T\(SbO)C,H,O,. H,O. 


This salt was prepared by boiling thallium bitartrate with 
- precipitated antimonious oxide in a large excess of water. 
n cooling, the salt separates out in small crystals which re- 
semble the corresponding potassium compound. I found the 
above formula by analysis. The salt is but slightly soluble in 
water. For a solution containing 2" in 100° r obtained 
= 100°-443 


99°-644 


It was shown above that a reduction of the specific rotation 
by increase of temperature takes place in solutions of potassium 
antimony tartrate. It would seem from these two experiments 


that this change must be due to the presence of the antimony, 
as in all other thallium solutions examined I find the tempera- 
ture coefficient positive. The effect of addition of inactive 
salts is shown in the following table, 2%" of the thallium anti- 
mony tartrate being used in each case except the last, where 
4*" were dissolved. 

Observed Specific Deviation 


Formula and amount of rotation. rotation. from 
inactive salt. a normal. 


Na,SO, ........------ 2gm. 7912 99°060 — 1°383 
Na.S0O, 7 875 98 596 — 1 
928 86 ‘748 —13 
*858 98 *385 058 
*850 98 -295 "148 
98 "102 
‘715 96 *853 
98 -059 "384 
.830 98 -040 
97 -002 “441 


4 
NH,NO; (4gm. TISbOT) 
(NH,)oSO, 


~ 


wh 


Especially noticeable in the above table is the fact that along 
with a general reduction in the specific rotation, because of the 
presence of inactive salts, there is a very marked reduction in 
the two solutions containing acetates. These two solutions had 
to be prepared without application of heat, as the slightest 
elevation of temperature produced precipitation. It will be 
remembered that an analogous reduction was noticed in the 
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solutions containing potassium antimony tartrate, when the 
conditions of preparation were the same. 

This behavior suggests a most interesting field of inquiry, 
viz: What in general is the behavior on polarization of solu- 
tions in an unstable condition of equilibrium? For example, 
a solution of potassium antimony tartrate, with a chloride 
may be called stable, as there is no precipitation at any temper- 
ature, but with iodides and many oxygen salts only dilute 
solutions can be made clear, and these remain so but a short 
time and at low temsferatures. 

The solutions prepared with acetates decompose, if heated, 
precipitating antimonious oxide or a basic salt, and leaving a 
simple tartrate in solution, which would now, of course, show 
a diminished rotation. The diminished rotation without pre- 
cipitation suggests that even with solutions prepared in the 
cold some change has already taken place. 

It is likewise worthy of note in the above table that the 
solutions with ammonium nitrate, ammonium sulphate and 
sodium sulphate show a further reduction by increase in the 
amount of inactive salt added. 


Thallium Potassium Tartrate, TIKC,H,O,. 


The solutions used were prepared by weighing out equivalent 
portions of thallium bitartrate and potassium carbonate, suffi- 
cient to furnish 5, 10, 15 and 20 grams of the anhydrous salt 
in 100¢ ce. The crystallized salt is not made as readily as the 
corresponding sodium compound. Mixed salts with variable 
amounts of water of crystallization are usually obtained, and 
to avoid any uncertainty as to the composition of the crystals 
I prepared the solutions as just described. Four solutions 
were tested, the results of which are found below. A curve 
showing the rate of change in the specific rotation is shown at 
B in the figure. 

gm. in 100 ce. D*° P a [a] 
5 gm. TIKC,H,0, 10377 «4810 2008 
10764 9274 8840 
11143 13-437 5010 
* 11530 17316 6527 8-173 

Attention may be called to the influence of temperature 
here. For a solution containing 10 gm. of the salt in 100 ¢.¢. I 
tind 

[a],, = 87840 

|a],, == 10°092 
The increase for 1°C. here is 0°-125 in sp. rotation, while for 
the sodium compound corresponding I found 0°:112. 

As indicating the effect of addition of inactive salts, I found 
for a solution containing in 100¢.¢. 10 gm. of the tartrate and 
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5gm. of ammonium nitrate [a] = 11°355, with 5gm. of 
sodium sulphate [a] = 11°-418, with 5 gm. of potassium nitrate 
[a] = 11°155, while with the 10 gm. of tartrate and’ 5 gm. of 
thallium sulphate I found [a] = 6°-793. 


Thallium Ammonium Tartrate, TINH,C,H,O.. 


The crystals not appearing to be uniform in composition, I 
prepared solutions as desired by mixing calculated amounts of 
thallium bitartrate and ammonium hydrate. The results ob- 
tained by testing four solutions are given here. 


gm. in 100 ce. DY a 
5 gm. TINH,C,H,O. --.... 10354 2-003 

15 1092 13499 4-740 

20 17-423 6040 
The rate of decrease in the specific rotation with increase in 
concentration is very nearly the same as with the preceding com- 
pounds and is illustrated in the curve A. or ¢= 381° the 
10 gm. solution gives a@ = 4°°142, which is a more rapid rate of 
increase than with the potassium thallium salt. 

The results obtained by adding inactive salts are quite 
analogous to those found in other cases; thallium sulphate 
decreases the rotation, while the sulphates of potassium, so- 
dium and ammonium increase it. 


Potassium Boro-Tartrate, KBOC,H,O.. 


This salt was prepared in the usual manner by heating a 
mixture of 3 parts of potassium bitartrate, 14 parts of boric 
acid and 10 parts of water to complete solution. The liquid 
was then brought to the boiling point and evaporated to dry- 
ness. The residue was powdered and washed thoroughly with 
alcohol to remove excess of boric acid. It was afterwards 
dried in the air and then over sulphuric acid. Four solutions 
of this preparation, gave at 20° : 

C= 5, = 53°070, C=15,[a]=61°-703 
C = 10, [a] = 59°055, C=20, = 62°°621 

For the 10 gm. solution I found, after determination of the 
density, 

[a],, = 57°°286 


showing a decrease in the specific rotation by increase of tem- 
perature. 
The increase with greater concentration is very marked, and 
the reverse of what was shown to be the case with the 
thallium solutions. Further experiments were tried with some 
of the boro-tartrate dried at 100°, it being evident that a small 
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amount of water was held by the product dried over sulphuric 
acid. With the salt thoroughly dried I obtained higher results, 
as are shown in the following table. 


gm, in 100 ce. a [a] 
5 gm. -.----- 1°0266 4°862 11°600 58101 
10533 9°416 25°388 63°581 
20 “ 11068 18°038 54°534 68°287 


The values are seen to be larger than with the other prepar- 
ations. For the concentration C=5:488 at ¢=20°, Landolt 
found [a@]=58°°35. The variation of the specific rotation with 
increased strength of solution is shown by the curve E. In 
order to represent this with the others, the values of [a] were 
divided by 10, and the quotients so obtained diminished by 3. 
‘That is, the axis of abscissas is assumed to be 3° below. 

The effect of addition of inactive salts is shown in the fol- 
lowing table, 10 gm. of KBOC,H,O, being used: 


Formula and Observed Specific Deviation 
amoznt of rotation rotation from 

inactive salt. a. {a@.] normal. 
KCl 25°503 63°865 + 0°284 
NaCl 25°893 64841 + 1°260 
NaBr 27°090 67°840 +4259 
Na.SO,(dry)5 _..... 27-600 69°117 +5°536 
KNO,; 25°996 65°105 +1524 
29°160 73°024 +9°443 
NH,Cl 26°726 66°928 +3°347 
H;BO; 27°260 68°265 +4684 
27°788 69°587 +-6°006 


In this table the behavior with the acetate is again charac- 
teristic, but it must be said that in any case the increased 
rotation appears singular. Bearing in mind that the specific 
rotations of potassium tartrate and sodium tartrate are about 
half as great as that of the potassium boro-tartrate we should 
naturally expect a reduction by addition of either potassium or 
sodium compounds to the latter just as has been shown to take 
place in the case of potassium antimony tartrate or thallium 
antimony tartrate. 

The specific rotations of the neutral tartrates of potassium, 
thallium, sodium and ammonium are known, as are also the 
rotations of the various double tartrates of these metals. | 
have shown in my former paper that the rotation of potassium 
sodium tartrate may be modified; that is, made to approach 
that of potassium tartrate or sodium tartrate by adding on the 
one hand a potassium salt, or on the other hand a sodium salt, 
and this apparently without exception. 

The experiments in this paper on the double tartrates of 
thallium, potassium, sodium, ammonium and lithium seem to 
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point to a law which may be stated in this way: the rotation 
of a double tartrate may be made to approach that of a neutral 
tartrate of either of the metals present by addition of a salt of 
that metal. In the case of Rochelle salts I tried to explain 
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this by assuming that a substitution took place in the solution ; 
that is, for instance, that by adding potassium chloride to a 
solution of sodium potassium tartrate the latter was converted 
more or less perfectly into neutral potassium tartrate. The 
same explanation would evidently hold for the other solutions. 

But when we come to a consideration of the compounds con- 
taining antimony and boron we find several difficulties. Tak- 
ing up the antimony potassium tartrate first, we notice that the 
slight decrease observed in several cases can be explained by 
assuming the displacement of the potassium, but this will not 
account for the decrease in the rotation in the cases where 
potassium salts were the inactive bodies added, nor for the very 
great decrease in the solutions containing acetates. 

I am inclined to think that we must assume here a replace- 
ment of the antimony radical; but how? In what form can 
we suppose it to exist if withdrawn from the tartrate group? 
Most of the antimony compounds which could be formed in 
this way are usually considered insoluble, but unfortunately 
we have no very full data on the subject. A few experiments 
of my own may give a little light here. I mentioned above 
that the solution containing acetates had to be prepared in the 
cold to avoid precipitation of the antimony. r observed also 
that several solutions containing bromides could be maae clear 
by boiling the tartrate and bromide together, while with 
others precipitation of the antimony took place even on slight 
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warming. In these cases clear solutions could be prepared by 
mixing in the cold. 

In seeking for an explanation of this curious behavior [ 
found that the several samples of bromides employed in these 
last tests were not absolutely pure, but contained traces of car- 
bonates, which would account for the precipitation of the 
antimony by heat. This suggested the use of a pure carbonate 
with the potassium antimony tartrate, and after a time I suc- 
ceeded in making, at a low temperature, a clear solution con- 
taining in 100 cc. 5gm. of the tartrate and 1 gm. of dried 
sodium carbonate (Na,CO,+13$H,O). This, on polarization in 
the 400 mm. tube, gave a most remarkable result : 


a=11° 140 t=18°°5 
or [a]=55°°795 (cor.), 
instead of 141°-273, 


Here we have a loss of over 60 per cent and without appar- 
ent decomposition. Howevera very slight elevation of temper- 
ature was sufficient to produce a precipitation of the antimony, 
and it was also found that on standing in the cold a similar 
precipitation took place. 

It was found that with care solutions containing the potas- 
sium antimony tartrate with ~— and borates could be 
prepared at low temperatures. ith a solution of 5gm. of 
the tartrate and 1 gm. of ordinary sodium phosphate I observed 


a= 25°°244 ¢==18°°5 
[a]=126°°334 (cor). 


Slight warming decomposed this solution. 

Now, what is the condition of the antimony just before pre- 
cipitation here? In view of all the facts I believe it must be 
looked upon as an unstable oxycarbonate or phosphate, held in 
solution by the tartrate, and ready to precipitate by change of 
temperature or on standing. It has probably already left the 
tartrate group and its place has been taken by something else 
giving a lower rotation. On this hypothesis the phenomena 
observed with the thallium antimony tartrate can also be 
explained, but until such an investigation as I suggested above, 
in presenting the experimental data, is carried out, a fuller con- 
firmation cannot be given. In such an investigation the be- 
havior of many solutions, in what I have called a condition of 
unstable equilibrium, should be studied, and the polarizations 
should be made not only at low temperatures but at the highest 
temperature possible before precipitation actually takes place. 
Freshly prepared solutions and those which have stood should 
also be tried. Such an investigation I plan for the near 
future. 
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Accepting the hypothesis just brought forward the be- 
havior of the tartrates of the alkalies and of antimony and 
thallium with inactive salts can readily be explained as cases 
of substitution. The phenomena of substitution are so charac- 
teristic in many instances that in my last paper I was led to 
suggest an application of these principles as offering a means 
of analyzing certain salt mixtures, and before the matter ap- 
peared in print the able article of Schiitt (Berichte, 1888, 
p. 2586) came to hand, in which the quantitative analysis of 
mixtures of potassium and sodium chlorides by means of their 
action on neutral potassium tartrate was worked out. The 
principle can undoubtedly be extended to the analysis of many 
other substances. 

All these cases, however, appear simple when compared with 
that of the potassium boro-tartrate. Here we have a compound 
with large specific rotation which increases rapidly with the 
concentration and also on addition of inactive substances. Any 
substitution for the boron radical which we can imagine would 
leave a molecule with decreased rotation, but it is possible that 
there may be both addition and substitution and in a manner 
which may account for the observed increase. A solution of 
neutral potassium tartrate containing 10 gm. in 100cc. gives 
the rotation in the 400 mm. tube 


a=10°°788, 


A solution of 10 gm. of the same tartrate plus 10 gm. of KCl 
gives under the same conditions 


a= 


It is possible that the two substances have united in some way 
here to form a complex group with increased rotation, and it 
may be that with the boro-tartrate a similar group is formed. 

The other supposition possible is that the boro-tartrate is 
wholly or in part decomposed, and if so it must be according 
to this reaction, or a similar one, 


KBOC,H,0,+ NaCl +2H,O=KNaC,H,0,+H,BO, + HCl. 


One of the experiments given above shows that free boric 
acid greatly increases the rotation of the boro-tartrate, and in 
view of this I thought it well to test the probability of the 
above equation. Ifa decomposition takes place in this man- 
ner the same rotation should be found by using the equivalent 
amount of Rochelle salt, boric acid and hydrochloric acid as 
indicated. I dissolved in 100 ce. 


gm. KNaC,H,O,.4H,O 
31 gm. H,BO, 
1°82 gm. HCl, 
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or one-twentieth of the molecular weights expressed in grams. 
This would correspond to a solution of 10°7 gm. of KBOC,H,O, 
in 100ce. that is an amount near what was taken for one of 
the tests described some time back. 

I found for ¢=20° 

a=28°°14 
Considered as a solution of potassium sodium tartrate this gives 
[a]=49°°89 + 
which is over twice the normal specific rotation of that salt. 
But considered as a solution of 10°7 gm. of potassium boro-tar- 
trate it gives 
[a]=65°°74+ 
which agrees very well with the other experiment. The value 
is a little greater than was found for the pure boro-tartrate. 

That a decomposition of this sort takes place is shown also 
by the taste and reaction of a solution of potassium boro-tar- 
trate and sodium chloride. 

It seems, therefore, that we can look upon this as a case of 
very interesting substitution with liberation of boric acid, 
whose behavior with tartrates was long ago pointed out by 
Biot and others, and more recently by Landolt (Berichte, 1888, 
p. 191, and Fres. Zeitschr., 1889, p. 233). 

While these experiments do not by any means explain the 
matter, they show that what, on first view, might be considered 
as something apart, is in reality but a special case of a well 
known phenomenon. Gernez has succeeded in isolating sev- 
eral complex bodies from solutions showing a greatly increased 
specific rotation, made by mixing tartaric acid with molybdates 
(Berichte, 1888, Ref. p. 251 and 773). It is possible that boric 
acid and tartrates form in solution some such complex com- 
pounds whose rotation is greatly in excess of that of the simple 
tartrate alone. 

Considering the peculiar behavior of the antimony com- 
pounds with carbonates, phosphates and acetates and of the 
boro-tartrates with various inactive substances it is plain that 
we have what may prove a fruitful method for the study of 
changes in chemical equilibrium. The experiments given 
above indicate the direction in which further work should be 
prosecuted on this topic. In another communication I expect 
to give especial attention to the question of unstable solutions, 
and also to that suggested by the experiments of my first 
paper, a study of the action of varying amounts of a few salts 
on some one tartrate. 

Chicago, June 1, 1889. 
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Art. XXXIX—On the Gustatory Organs of the American 
Hare, Lepus Americanus ; by FREDERICK TUCKERMAN. 


General description of the tongue. 


THE tongue of this rodent shows two well-marked divisions, 
a more or less flattened and expanded anterior portion, and a 
raised posterior part. The posterior division is the longer of 
the two by about one-fifth, the total length of the organ being 
48mm. 

The anterior division is 13°5"" in breadth, 5 to 8" in thick- 
ness, and is free from the floor of the mouth for 15™™, The 
upper surface and lateral borders of this division are covered 
with small, closely set, cone-shaped papillw, the apices of 
which are directed backward. The epithelium covering the 
papille is dense and imbricated, and in their upper half either 
partly or wholly cornified. They measure about 0°20™ in 
height, and terminate in one or more minute spines. There is 
only the faintest trace of a mesial furrow on the papillate sur- 
face, but the organ is impressed transversely, corresponding to 
the palatal grooves. The apex is short, broad and obtuse. The 
under surface is smooth, and marked by a longitudinal median 
ridge extending from the tip of the tongue to the frenum. 
Papillee of the fungiform type are not especially numerous. 
They are rather thinly distributed over the anterior dorsal sur- 
face, and the posterior division of the organ appears to be 
nearly devoid of them. They are however quite thickly set 
about the tip, particularly its inferior part, and they are also 
collected into a single line on each side of the tongue, from 
the apex to the anterior limits of the foliate organs. 

The posterior division, which rises somewhat abruptly above 
the level of the preceding, is 11°5"" in breadth and 8 to 12™™ 
in thickness. Anteriorly, the lateral margins of this division 
are stained a rusty-brown color. In some specimens this pig- 
mentation of the epithelium involves nearly the whole of the 
anterior surface of the division. The upper surface is slightly 
convex, and, in front of the circumvallate area, is covered with 
closely-set mechanical papillee, the points of which are directed 
backward. The extreme posterior region is traversed by a 
few inconspicuous ridges, in the furrows between which may 
be seen (with the aid of a lens) the minute orifices of the mu- 
cous ducts which open on the free surface in this region. The 
cireumvallate papille are usually two in number. They are 
placed one on either side of the median line, 3°6"™ apart, and 
10™" from the base of the organ. Very rarely there are three 
papillz of this type present. When this is the case, they are 
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arranged in a triangle, the apex of the triangle being directed 
backward toward the epiglottis. The foliate papillz are situ- 
ated obliquely on each side of the back of the organ, anterior to 
the glosso-palatine arch, their anterior extremity being directed 
downward and inward. Each papilla is about 5™™ long and 
2°7™" broad. As seen from above, they are small, oval-shaped 
elevations, and are marked transversely by a number of ridges 
or lamelle with intervening furrows. 


GusTATORY STRUCTURES. 


The circumvallate papille.—The general surface in front 
of these papille is covered, as already mentioned, with small 
conical papillae. The immediate area around them, however, 
is nearly free from papillary elevations. When well developed 
the circumvallate papillze measure 0°60"" in diameter. Their 
summits are circular or slightly oval, and are more or less 
marked by verrucose elevations. Occasionally I have seen a 
fungiform papilla superposed upon one of this type. Each 
papilla is encircled by a narrow and rather shallow trench. 
Serous glands are abundant within the papille, and beneath 
and around them. Their ducts, which are numerous, open into 
the trench at its lower part. Mucous glands are also very 
plentiful in this region of the tongue, and their ducts have a 
greater diameter than those of the serous glands. They pass 
through the mucous membrane and open, somewhat obliquely, 
on the free lingual surface. In a horizontal section, two and 
a half millimeters square, I counted eighty ducts. The mu- 
cosa composing the body of the circumvallate papilla is cleft 
into three main portions, the central portion or lamella being 
much the largest, and overtopping the other two. In this 
Serpe ged the papilla bears a structural resemblance to the 
old of the lateral organ, in which the mucosa is similarly ar- 
ranged. The depressions between the lamelle not infrequently 
extend to the base of the papilla, forming a deep and narrow 
furrow; usually, however, they are partially filled with epithe- 
lium. Covering the mucosa is a thin layer (0°03™" in thickness) 
of stratified pavement epithelium. This layer is thicker above 
than at the sides, but the difference is only slight. 

The taste-bulbs of this gustatory area occupy a somewhat 
exposed position. They are confined to the upper three fifths 
of the papillary wall instead of filling its lower and conse- 
quently more protected portion, as is the case in other Roden- 
tia which I have investigated. They are also present in the 
corresponding region of the outer wall of the trench. The 
bulbs, to all appearance, are in contact by their edges and, in 
the papilla, are disposed in a zone of four to six tiers. Those 
embedded in the epithelium at the upper part of the outer 
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wall of the trench are arranged in a girdle of four or five tiers. 
From horizontal sections I estimated the average number of 
bulbs in a tier of the papilla at sixty. If we allow for five 
tiers, we shall have three hundred bulbs for each papilla. The 
average number of bulbs present in a tier of the outer wall of 
the trench appears to be about seventy-five, which, allowing 
for four tiers, would give three hundred bulbs for this region. 
The bulbs, as usual, vary in size and shape. The mean length 
is 0°051™" and the mean breadth 0-033". Most of the bulbs 
have a fairly well-developed neck, and in many of them the 
peripheral ends of the sensory cells project for some distance 
beyond the gustatory pore. The peripheral or supporting cells 
are elongated, slightly flattened structures, with an oval nu- 
cleus, containing several nucleoli, situated usually in their 
lower half. The outer end of the cells is more or less pointed, 
while their basal pole is generally slightly rounded, though it 
may be notched or even branched.* The sensory or taste-cells 
are fusiform, highly refractive elements, and consist of an 
elliptical-shaped nucleated enlargement, usually placed near the 
middle of the cell, and two processes. The peripheral process, 
broader than the central and quite straight, passes to the apex 
of the bulb, where it frequently terminates in a delicate hairlike 
projection. In other cells the apex of the peripheral process is 
truncated, but bears no cilium. The central process, more 
slender than the peripheral, and occasionally slightly varicose, 
sometimes divides below the nucleus into two or more branches, 
but more commonly it ends in a somewhat pointed extremity. 

The cirecumvallate papilla is well supplied with nerves. 
Medullated and non-medullated fibers of the glosso-pharyngeus 
enter the papilla at its base, and ramify in all directions. In 
the mucosa directly beneath the bulb region, the finer branches 
form a delicate network. In chloride of gold preparations this 
subepithelial network is beautifully shown, the fibers of Remak 
and small ganglia, which are scattered through the membran- 
ous stroma, being stained deep violet or black. A portion of 
the terminal fibrils of the plexus enter the bulbs at their base, 
probably more than are represented by the sum of the taste- 
cells, while others pass between them and end freely in the 
epithelium or form an intra-epithelial network. 

The papille foliate.—These papille measure 5™™ in length 
and 2°7"" in breadth. Each papilla consists of thirteen or 
fourteen folds, most of which bear bulbs on their lateral area. 
The folds are separated by narrow furrows, slightly dilated at 

* Hermann describes three kinds of supporting cells in the taste-bulb of the rab- 
bit. First, the outer or “pillar cells,” which constitute the true supporting ele- 
ment of the bulb. Second, the inner supporting cells, which resemble the “ staff 


cells” of Schwalbe and heretofore supposed to be sensory in function; and, third, 
‘basal cells” which he regards as compensating cells for the bulbs. 
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their base, and having an average depth of 030°". The fur- 
rows are often partly filled with epithelium. The mucosa com- 
posing the body of each fold is divided into three quite sym- 
metrical secondary folds or lamelle. The primary or central 
lamella is taller and slightly broader than the two lateral. and 
at its upper part is frequently forked. The two secondary or 
lateral lamellee contain the taste-bulbs. A thin stratum of 
stratified pavement epithelium is spread over the lamelle, but 
is not sufficient to completely fill the depressions between 
them. Serous glands are abundant in this region, and their 
ducts, which are very numerous and occasionally of great 
length, usually open at the bottom of the furrows. 

The taste-bulbs of this gustatory area are limited to the sides 
of the folds and, in the main, are restricted to their upper half. 
They traverse the epithelium more or less ‘obliquely, and are 
so close as to be in actual contact. They are disposed four to 
seven tiers deep, the uppermost tier being on a level with the 
top of the lateral wall, while the lowest is about opposite the 
middle of the furrow. Each tier contains about thirty bulbs 
in its entire length. If we allow for five tiers, we shall have 
three hundred bulbs for each fold of the papilla. The bulbs 
have a clearly-defined neck, and, when well developed, are 
0:056™ in length and 0:035™" in breadth. 

The arrangement and distribution of the nerve-fibers in the 
folds of the foliate organ is very similar to that which exists in 
the circumvallate papilla. According to Drasch, who made 
the lateral gustatory organ of the rabbit and European hare a 
special study, there is beneath the basal membrane of the 
lateral lamella a plexus formed of medullated nerve fibers. 
From this plexus, fibers, corresponding in number to the sum 
of the sensory cells, go directly to the bulbs. Other fibers, 
more numerous, pass between the bulbs to the epithelium 
situated above them. Many fibers, however, terminate in the 
membranous stroma. Below the bulb region, in the entire 
width of the lamella, is a connected stratum of ganglion cells 
which contribute to the multiplication of the fibers. 

Other regions in which taste-bulbs oceur, but which are not, 
strictly speaking, exclusively taste areas, are the fungiform 
papillze and parts of the epiglottis. In the fungiform papille 
of LZ. americanus bulbs are but sparingly present, and only 
isolated ones were found in the epiglottis. 
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Art. XL.—On the Output of the Non-condensing Steam 
Engine, as a Function of Speed and Pressure;* by 
Francis E. NIPHER. 


In the discussion which follows, the engine is supposed to be 
running at a fixed cut-off, and without change in the throttle. 
The pressure changes required to produce a change of speed 
are supposed to be effected by a change in boiler pressure. 
The effect of the throttle or the governor with automatic eut- 
off will be pointed out as we proceed. 

The difference between the two belt-pulls, or the load on the 
brake, is represented by w, 7 being the brake-arm, or radius of 
the driving-wheel. If the belt-pulls are 7’ and then — 
fF’ =w. It is supposed also that the mean effective pressure 
required to drive the engine when w= 0 is constant for all 
speeds. In an engine with balanced valves and where the 
amount of lubrication used increases with the speed, this 
assumption may be tolerated for a general treatment of the 
case, although the peculiarities of engines will doubtless cause 
them to depart from this assumption in a more or less irregular 
way. Engines are usually built for definite speeds, and often 
behave poorly when run at widely different speeds from those 
for which they were designed. ‘ 

For these reasons, some portions of fhis treatment cannot lay 
claim to very great precision. It will serve mainly t> present 
the general conditions of the problem, and may serve as a basis 
for investigating the peculiarities of individual engines. 

Let P, = mean effective pressure when w = 0, 
P.' = boiler pressure above atmospheric pressure when w = 0. 
P= mean effective pressure with load w. 
R = piston radius. 
stroke. = revolutions per minute. 


Then, during one stroke of the engine at uniform speed, 
a h*(P— 


rw ( 
ln 
Multiplying thi i “33000 
ultiplying this equation by 


22 R'lnP, 


Ine = 
33000 33000 


The indicated horse-power is equal to the brake horse-power 
plus the power required to drive the engine alone. 

In the equation leading to (1) the second. member. should 
strictly contain a term = f(#’+/’”’) the exact form of which 


* Read before the St. Louis Academy of Science, May 20th, 1889. 
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would depend upon how the belt is applied. It isso small that 
’ it cannot usually be measured on an indicator card, and is here 
omitted. It may be inserted, however, without changing the 
form of any of the succeeding equations. 

The equation for brake horse-power is 

2arnw 
Bur = ‘ (3) 
um R*ln 
33000 
22 
and im = (5) 
Taking up, as a function of » and P, and (5) is the equation 
of an hyperbolic paraboloid, the constant for which is entirely 
independent of the condition of the engine or the steam with 
which it is supplied. It depends solely on the geometry of the 
engine (the unit of power being fixed). It involves only the 
volume swept through by the piston-face during one stroke. 
The performance of all engines in which this volume is the 
same would always be represented by points on a common sur- 
face. These points may be made to move about in any arbi- 
trary manner by variations in boiler pressure and load. 

If the boiler pressure is held constant, then n becomes some 
definite function of w, and the point representing the perform- 
ance of any engine would traverse some definite line upon the 
surface. 

Equation (4) which represents brake horse-power, is also the 
equation of an hyperbolic paraboloid, having the same constant _ 
as the one represented by (5). The two surfaces have a com- 
mon pressure axis, and the codrdinate planes of HP, m for the 
two surfaces are separated by the distance ?,. On each of 
these surfaces, a condition of constant load, w, would be repre- 
sented by some definite line, and (3) which is the ordinary 
formula for BuP is a projection of that line upon the codrdi- 
nate plane of HP, n. 

For any definite values of » and P, a vertical ordinate drawn 
through the surfaces of Pup and /HP would determine simul- 
taneous values of brake and indicated horse-power. The dis- 
tance between the surfaces measured on this ordinate would 
represent the power consumed in the engine itself. Passing a 
plane through these surfaces at right-angles to the speed axis, 
the intersections with the two surfaces would be parallel lines. 
The distance between these lines measured parallel to the HP 
axis is constant, and represents as stated the power cousumed 
in the friction. It is constant for all loads, as experiment 
shows it to be, and increases uniformly with the speed at con- 
stant pressure, or by (4) and (5), 


Bur (P—P,) . ‘ (4) 
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_ _ 27R*ln 
n n 


dP ~ ~33000 
_ 27 RIP 
dn P~ 38000 
dn JP 33000 ~ $3000 


In fig. 1, oP’ and 0A” are the axes of pressure, HP, AA” is 
the line of atmospheric pressure, and VV” is the vacuum line. 
The lines op” and P, p’ are rectilinear elements in the surfaces 
of Jap and Aup at constant speed, the ordinates Pp” and Pp’ 
representing simultaneous values. If the mean effective pres- 
sure were reduced to zero, the engine being driven at the same 
speed by means of the belt, the power required is represented 
by od. Line VB represents Bup as function of boiler pres- 
sures, OP and OP’ being simultaneous values of mean effec- 
tive and boiler pressure, measured from the atmospheric line. 
V’ V represents the belt-power required to drive the engine if 
boiler and mean effective pressure were zero. 

Calling 4 = the atmospheric pressure, and P’= boiler pres- 
sure measured from atmospheric pressure, we have 


APF, _ 
or 


In this equation the value of P is known from (1). /, is de- 
termined by means of the indicator. It remains to determine 
’,, the boiler pressure required to drive the engine at the 
fixed speed represented in fig. 1, when w = 0. 

If the engine were driven at a very slow speed, the cylinder 
pressure would be identical with boiler pressure until the point 
of cut-off. The mean effective pressure would be less, and 
the back pressure would be h. Increasing the boiler pressure, 
the back pressure increases by a quantity which is proportional 
to the speed. 

Measuring /’, from the atmospheric line, 

where cn is the mean back pressure, ?, the mean effective 
pressure, #'a function of the inverse expansion ratio, and bn 
is a term applying to the entry port which is entirely analogous 
tocn. The constants ¢ and 6 depend upon the size of the 


ports, 6 also depending to a less extent upon the pipes connect- 
ing the steam-chest and boiler. Ina throttle governor, the 
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value of 6 is changed in order to change mean effective pres- 
sure. In a governor which varies the cut-off, both / and 6 are 
changed by the action of the governor. 
The action of any governor changes the inclination of the 
line VB, in fig. 1. For a constant boiler pressure /’, if the 
Fig. i. 


cut-off comes earlier, or, if the steam is throttled, the line VB’ 
becomes less steep, and the points p’ and p” sink to represent 
a smaller output.* In fig. 2, the action of the governor 
changes the position of the line w = 0, and in fact the entire 
surface of HP as function of /”. 

Making the indicated substitutions in (6) 


Pot E+(b+c)n) . (8) 


Solving this equation for w, 

AFP) 
r tht 


27nr 


Multiplying (9) by 33000 


| 


* In an experimental engine the head of the screw which controls the steam 
should be provided with a divided scale like a micrometer. 
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(h+P,) (h+P')n 

= h+P 10 
Bur = 82000 (h+ +(b+e)n — n | (10) 
: For any constant boiler pressure there will be some definite 
speed w hich will make BuP a maximum. The condition is 
a = 0. 

dn 


Imposing this condition we have 
(A+ 
The speed must be such that the boiler pressure required to 
E drive the unloaded engine at that speed, is a mean proportional 
/ between the constant boiler pressure under consideration, and 
the boiler pressure required to start the unloaded engine, [see 
(7),| all pressures being measured from vacuum. The load 
q corresponding to this maximum is of course found by impos- 
ing this condition in (9) by the elimination of n. 


Pp’ 


Fig. 2. 


Atmospheric Line 


Vacuum Line 
9 200 400 600 s0un 


Equation (11) gives the relation between n and J” for a 
maximum output at any boiler pressure /”’. It is the equation 
of a parabola, which crosses the pressure axis at its intersection 
with the line of zero load (7). The slope of this parabola is 

dP’ (6+e)* 
— = 2(b 2 2 


When x =o the slope is therefore twice that of the line of 
zero load. 
The value of m in (11) is 


th +P.+ 2) (64+P 13 
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Hence the vertex of this parabola is at the intersection of the 
line of zero load (7) with the vacuum line. Its position is 


This value of n” is rather large and therefore the part of the 
parabola which corresponds to a possible range of engine speed 
will be very nearly a straight line. The axis of the parabola is 
of course parallel to the pressure axis. It will be observed that 
all lines of constant load represented by (8) intersect the ver- 
tical line (parallel to the HP axis) which contains the vertex of 
the parabola of maximum effort. In (8) the condition P’ = — h 
at once gives the condition 
_ 

b+e 
and this entirely independent of w. 

The observations made regarding the parabola of maximum 
output justify the presentation of another formula which was 
deduced empirically from a large number of brake determina 
tions. The discovery of that formula was in fact the occasion 
for the present investigation. 

The experiments were made by taking constant loads on a 
fixed brake arm varying the speed of the engine from 200 to 
800 revolutions, for each load, by means of a throttle. The 
pressure of the supply steam was measured by means of a gauge 
between the throttle and the steam-chest, the cut-off remaining 
fixed. 

The observations for constant load all satisfied equations of 
the form 

P'=a+b'n ‘ (14) 

This equation is identical with (8). Computing from each 
equation the value of n for a given pressure, these values of n 
were plotted with their respective values of w, and gave a line 
which could not be distinguished from a right line. Its equa- 
tion was of the form 

This equation corresponds to (9) with P’ constant, which is 
however the equation of an equilateral hyperbola, the asymp- 
totes of which are 


ow 
b+e 

n= twa ~ 


It is manifest therefore that the part of the parabola exam- 
ined would differ so little from a right line that (15) would 
satisfy any observations made upon an engine. 


4 
[| —h 
h + P + E 

b+e 
| 
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Multiplying (15) through by tang we have 
Bara 277k" Qarkn® 
33000 33000 (16) 


This is the equation of a parabola and corresponds to (10), 
which is likewise a parabola when 2’ is constant. 

Differentiating (16), the condition of maximum output is 
found to be 


k . . . 
(17) 


or the speed must be one-half that which the engine should 
have at the same boiler pressure if w=o. 
The condition for maximum, according to this, would be 


It will be observed that this is a right-line, tangent to the para- 


bola (11) where n=o0. According to (11), these values of n 
represented by (17) would be somewhat too large. 


27 rw 

Sol 15) for m and multiplying by —_— 

olving (15) for m and multiplying by 33000 
HP = w— w ‘ (19) 
The condition for maximum obtained from this equation is 


where w’ is one-half the load which will bring the engine to 
rest at that pressure. 

This value of w is somewhat too small to satisfy (11), although 
as stated the error is probably alway too small to have any im- 
portance. Substituting these two values of m’ and w’ in (3) 
and we undoubtedly have a very close approximation to the 
maximum output at any pressure P’, 


Bur —} —” 


kr 
33000 k' 


k. 
where a i the speed at that pressure when w = 0 as com- 


puted from (7) and Ar = the turning moment which for that 
pressure must be applied to the shaft in order to bring the 
engine to rest. This can be computed from (9). It is wr 
when n = 0. 

In a similar manner we may represent indicated horse-power 
as a function of boiler pressure. Solving (6) for P and substi- 
tuting, as before, 

(A+ P,) (A+ P’) 
A+ 


P= —h+ 


(21) 
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It may be remarked in passing that, for a constant value of P’, 
this is an hyperbola which represents the relation between 
mean effective pressure and speed, with varying load. The 
asymptotes of the curve are the vacuum line and the axis of 
the parabola of maximum outpat, where 


b+e 

The only part of this curve which has any practical significance 
is that included between the pressure axis and the line re 
P=f,. This part of the curve is marked P on fig. 2, P’ 
being the line representing the corresponding fixed boiler pres- 
sure. During the operation here considered, the point repre- 
senting the performance of the engine would travel through a 
definite path on the surface represented by (4). The hyperbola 
marked / on fig. 2 would be a projection of that path on the 
plane ?, 2, while the parabola (10) with /’ constant would be 
a projection of that path on the plane HP, x. 

The engine might indeed be driven by a belt at a greater 
speed than that given it by the steam when w = 09, and the 
mean effective pressure would continually fall as represented 
by the hyperbola. The part of the curve corresponding to 
negative values ef x has no physical significance. The engine 
when brought to rest with any fixed oad ~, by a decrease of 
boiler pressure, would not reverse if the boiler pressure were 
still more reduced, until it became less than the atmospheric 
pressure. 
27 
Multiplying (21) by ee 

33000 h+ 


This equation corresponds to (10). 
The condition of maximum /xP for constant /’ is 
(h+ P\+£) Po)(h+ P’) = (28) 
This like (11) is the equation of a parabola. The value of n is 
b+e b+eV h 
The slope of this parabola is 
dP’ _ =2 h b h (6+c)’ 2? 
dn 2 appl P+E” 


which when n = 0 is 


dP’ h 
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while the line of zero load has the equation 


h. 
ht P= (A+ P+ (27) 


as is readily determined from (22). 


The writer has examined engives in which the friction pres- 
sure increases with the pressure of the supply steam at constant 
load. The value of /’, then becomes /?,+en, and the surface 
of brake horse-power as a function of mean effective pressure 
is then represented by equations similar to that which in this 
paper represent brake horse-power as a function of boiler pres- 
sure. The discussion then becomes more complex, although it 
can be made on the lines here laid down. It is better to avoid 
this discussion by refraining from building such engines. 

The experience of the writer with condensing-engines has 
been very limited, but it would appear that the equations here 
given will apply also to them. 

The four surfaces here discussed may all be constructed by 
means of threads to represent the two sets of rectilinear ele- 
ments in each. These are constant speed, and constant luad. 
Such models represent the working conditions of an engine in 
a most interesting way. 


Art. XLI.—On the Ratio of the Electromagnetic to the Elec- 
trostatic Unit of Electricity; by Henry A. Row ann, 
with the assistance of E. H. Hart and L. B. FLercHer. 


THE determination described below was made in the labora- 
tory of the Johns Hopkins University about ten years ago, 
and was laid aside for further experiment before publication. 
The time never arrived to complete it, and I now seize the 
opportunity of the publication of a determination of the ratio 
by Mr. Rosa in which the same standard condenser was used, 
to publish it. Mr. Rosa has used the method of getting the 
ratio in terms of a resistance. Ten years ago the absolute 
resistance of a wire was a very uncertain quantity and, there- 
fore, I adopted the method of measuring a quantity of elec- 
tricity electrostatically and then, by passing it through a 
galvanometer, measuring it electromagnetically. 

The method consisted, then, in charging a standard condenser, 
whose geometrical form was accurately known, to a given 
potential as measured by a very accurate absolute ‘electrometer, 
and then passing it through a galvanometer whose constant 
was accurately known, and measuring the swing of the needle. 


Am. Jour. So1.—Tuirp Serres, XXXVIII, No. 226.—OctToser, 1889. 
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Description of Instruments. 


Electrometer.—This was a very fine instrument made partly 
according to my design by Edelmann, of Munich. As first 
made, it had many faults which were, however, corrected here. 
It is on Thomson’s guard ring principle with the movable 
plate attached to the arm of a balance and capable of accurate 
adjustment. The disc is 10°18 cm. diameter in an opening of 
10°38 em. and the guard plates about 33°0cm. diameter. All 
the surfaces are nickel plated and ground and polished to opti- 
cal surfaces and capable of aceurate adjustment so that the dis- 
tance between the plates can be very accurately determined. 
The balance is sensitive to a mg. or less and the exact position 
of the beam is read by a hair moving before a scale and ob- 
served by a lens in the manner of Sir Wm. Thomson. The 
instrument has been tested throughout its entire range by 
varying the distances and weights to give the constant poten- 
tial of a standard gauge, and found to give relative readings to 
about 1 in 400 at least. It is constructed throughout in the 
most elaborate and careful manner and the working parts are 
enclosed in sheet brass to prevent exterior action. 

As the balance cannot be in equilibrium by combined 
weights and electrostatic forces, it was found best to limit its 
swing to a ;';mm. on each side of its normal position. The 
mean of two readings of the distance, one to make the hair 
jump up and the other down, constituted one reading of the 
instrument. 

The adjustments of the plates parallel to each other and of 
the movable plate in the plane of the guard ring could be 
made to almost nm. 

The formula for the difference of potential of the two plates 
is 

A 
where d is the distance of the plates, wg the absolute foree on 
the movable plate and A its corrected area. According to 
Maxwell 


where Rand Rf’ are the radii of the dise and the opening for 
it and a=‘221(R’—R). The last correction is only about 1 in 
500, and hence we have, finally, 


V= 1+ 


0002 | 

aS 

Standard Condenser.—This very accurate instrument was 
made from my designs by Mr. Grunow, then of New York, 
and consisted of one hollow ball, very accurately turned and 
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nickel plated, in which two balls of different sizes could be 
hung by asilk cord. The balls could be very aceurately ad- 
justed in the center of the hollow one. Contact was made by 
two wires about ;4, inch diameter, one of which was pro- 
truded through the outer ball until it touched the inner one; 
by a suitable mechanism it was then withdrawn and the second 
one introduced at another place to effect the discharge. This 
could be effected five times every second. The diameters of 
the balls have been accurately determined by weighing in water, 
and the electrostatic capacities found to be 


50°069 and 29°556 ¢.g.s. units. 


A further description is given in Mr. Rosa’s paper. 

Galvanometer for Electrical Discharges.—This was very 
carefully insulated by paper and then put in hot wax in a 
vacuum to extract the moisture and fill the spaces with wax. 
It had two coils, each of about 70 layers of 80 turns each of 
No. 36 silk covered copper wire. They were half again as 
large as the ordinary coils of a Thomson galvanometer. The 
two coils were fixed on the two sides of a piece of vulcanite 
and the needle was surrounded on all sides by a metal box to 
protect it from the electrostatic action of the coils. A metal 
cone was attached to view the mirror through. The insulation 
was perfect with the quickest discharge. 

The constant was determined by comparison with the gal- 
vanometer described in this Journal, vol. xv, p. 334. The 
constant then given has recently been slightly altered. The 
values of its constant are 


By measurement of its coils__-....-...-.:--..---- 1832°24 
By comparison with coils of electrodynamometer.. 1833°67 
By comparison with single circle.........------- 1832°56 


(riving these all equal weights, we have 
1832°82 
instead of 1833-19 as used before. 
The ratio of the new galvanometer constant to this old one 
was found by two comparisons to be 
10°4167 
10°4115 
Mean, 10°4i41 
Hence we have 
19087. 


Electrodynamometer.—This was almost an exact copy of the 
instrument described in Maxwell’s treatise on electricity except 
on a smaller scale. It was made very accurately of brass and 
was able to give very good results when carefully used. ‘The 
strength of current is given by the fermula 
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CVK 
s= A/sin 
where K is the moment of inertia of the suspended coil, ¢ its 
time of vibration, a the reading of the head, and C a constant 
depending on the number of coils and their form. 


Large coils. 


Total number of windings.....----.--- 240 

Mean radius of coils.---.----- .--..--- 13°741 cm. 
Mean distance apart of coils......-... 13°786 cm. 

Suspended coils. 

Total number of windings -.--.-.-.--- 126 

Mean distance apart .......-........- 2°707 cm. 


These data give, by Maxwell’s formule, 
C = 0°:006457. 

In order to be sure of this constant, I constructed a large 
tangent galvanometer with a circle 80 diameter and the 
earth’s magnetism was determined many times by passing the 
current from the electrodynamometer through this instrument 
and also by means of the ordinary method with magnets. In 
this way the following values were found. 


Magnetic Electrical 

method. method. 

"19940 "1994? 
"19912 .19933 


which differ only about 1 in 1000 from each other. Hence 
we have for C: 


From calculation from 006457 
From tangent 006451 


The suspension was bifilar and no correction was found neces- 
sary for the torsion of the wire at the small angles used. 

The method adopted for determining the moment of inertia 
of the suspended coil was that of passing a tube through its 
center and placing weights at different distances along it. In 
this way was found 


| 
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K = 826°6 ¢.g.s. units. 

The use of the electrodynamometer in the experiment was to 
determinesthe horizontal intensity of the earth’s magnetism at 
any instant in the position of the ballistic galvanometer. This 
method was necessary on account vf the rapid changes of this 
quantity in an ordinary building * and also because a damping 
magnet, reducing the earth’s field to about 4 its normal value, 
was used. For this purpose the ballistic galvanometer was set 
up inside the large circle of 80™ diameter with one turn of 
wire and simultaneous readings of the electrodynamometer and 
needle of ballistic galvanometer were made. 


Theory of Experiment. 
¥ 1 
We have for the potential 


For the magnetic intensity acting on the needle 


9 
H = Cr/K sina 


For the condenser charge 
HT 6 VC 
= —~ sin = 4A) = N — 
Q=2-4 sin 5 (1-34) N 
Whence 
_ eGC NtV/wd tang _A 
Sina 2 | 2 
1 4 
but tang = +4(5) | 
and 2 sin | nearly. 


So that finally 
3 
— po")? NtB/wd 
 Tr/sina 
A= 0; *0011; -0030; 0056 ; ‘0090 for 1, 2, 3, 4, 5 discharges as 
investigated below. 


B= (5) . 


‘0002 
d 


*This experiment was completed before the new physical laboratory was 
finished. 
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3\D 
F = -0013 for first ball of condenser and ‘0008 for atber, as in- 
vestigated below. . 
I = correction for torsion of fibre = 0 as it is eliminated. 
e = constant of electrometer = 17°221. 
G= * “ ballistic galvanometer = 19087. 


p = radius of large circle = 42°105 cm. 
n = number of coils on circle = 1. 
e = constant of electrodynamometer = ‘006454. 


K= moment of inertia of coil of electrodynamometer = 826°6. 
6 = distance of plane of large circle from needle = 1°27. 
}= capacity of condenser = 50°069 or 29°556. 

= distance of mirror from scale = 170°18 cm. 
w = weight in pan of balance. 
¢ = time of vibration of suspended coil. 

= of needle of balistic galvanometer. 
f =: deflection of needle on scale when constant current is passed. 
a=reading of head of electrodynamometer when constant 

current is passed. 

6 = swing caused by discharge of condenser. 
d= distance of plates of electrometer. 
N= number of discharges from condenser. 
A = logarithmic decrement of needle. 
A= correction due to discharges not taking place in an instant. 

The principal correction, requiring investigation is A. Let 
the position and velocity of the needle be represented by 

# = a, sin bt and v = a,b cos bt, where 6b = Fe 

At equal periods of time ¢,, 2¢, 3¢,, etc., let new impulses be 
given to the needle so that the velocity is increased by », at 
each of these times. The equations which will represent the 
position and velocity of the needle at any time are, then, 

between 0 and ¢, x = a, sinbt v = a,b cosht 

t,and 24, w= a@ sinb(t+t') v = 
2t,and 3¢, x= a" sinb(¢+t") v = cosh(t+t") 


At the times 0, ¢, 2¢, ete. we must have 


x= 0 v = ab 
a, sin bt, =a’ sin b(t, vi cos bt =a'b cos 
a’ sinb(2t,+¢’}=a" cos b(2¢, +t") 
ete. =a"b cosh(2t, +t”) 
etc. 


Whence we have the following series of equations to deter- 
mine a’, a”, ete., and 7’, ¢”’ ete. 


0 0 


a. 
— sin dt 
a 


° 

; 

| 
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+2v,a'beosh(2t, —t') ; sin b(2¢, +t" )=—’sinb(2t 
a 


” 
a 


etc. etc. 
Then ¢, is ared with the time of vibration of th 
When ¢, is small compared with the t f vibration of the 
magnet, we have very nearly ’=—}$¢,; t’=—t,, 


ete. 
a? =2a,°(1+ cos bt 
a’? 


Whence 
a’ 
a’ 
=4a(1—8(bt)?) 
a" (4t,)*) 

Now a,, a’, a”, a” and @’’” are the values of ¢ with 1, 2, 3, 
4 and 5 discharges and a,, 2a,, 3a,, 4a, and 5a, are the values 
provided the discharges were simultaneous. 

This correction is quite uncertain as the time, ¢, is uncer- 
tain. 

In assuming that the impulses were equal we have not taken 
account of the angle at which the needle stands at the second 
and subsequent discharges, nor the magnetism induced in the 
needle under the same circumstances. One would diminish 
and the other would increase the effect. I satisfied myself by 
suitable experiments that the error from this cause might be 
neglected. 

The method of experiment was as follows: The store of 
electricity was contained in a large battery of Leyden jars. 
This was attached to the electrometer. The reading of the 
potential was taken, the handle of the discharger was turned 
and the momentary swing observed and the potential again 
measured. The mean of the potentials observed, with a slight 
correction, was taken as the potential during the time of dis- 
charge. This correction came from the fact that the first read- 
ing was taken before the connection with the condenser was 
made. The first reading is thus too high by the ratio of the 
capacities of the condenser and battery and the mean reading 
by half as much. Hence we must multiply d by 1—F where 
F=-0013 for first ball of condenser and -0008 for other. This 
will be the same for 1 or 5 discharges. From 10 to 20 obser- 


d 
vations of this sort constituted a set, and the mean value of = 


which was caleulated for each observation separately, was 
taken as the result of the series. 
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Before and after each series the times of vibration, ¢ and T, 
and the readings, 8 and a, were taken. The logarithmic decre- 
ment was observed almost daily. 


Results. 
The table on the opposite page gives the results of all the 
observations. 
These results can be separated according to the number of 
discharges as follows: 


2. 3. 4, 5. 
300°49 298°37 295°73 296°43 296°50 
300°17 298°61 296°40 297°24 296°'37 
296°72 297°43 298°75 301°82 297°38 
297°84 297°78 298°66 295°02 296°'87 
298°90 300°19 296°75 295°22 296°31 
298°d7 
299°05 
300°80 
296°56 
298°80 298°48 297°26 297°15 296°69 


In taking the mean, I have ignored the difference in the 
weights due to the number of observations, as other errors are 
so much greater than those due to estimating the swing of the 
needle incorrectly. 

It will be seen that the series with one discharge is some- 
what greater than with a larger number. This may arise from 
the uncertainty of the correction for the greater number of dis- 
charges, and I think it is best to weight them inver ‘sely as this 
number. As the first series has, also, nearly twice the number 
of any other, I have weighted them as follows: 


Wt. vx 1078 
8 298°80 
4 29848 
3 297°26 
2 297°15 
296°69 


Mean 298°15 
Or v = 29815000000 em. per second. 

Tt is impossible to estimate the weight of this determination. 
It is slightly smaller than the velocity of light, but still so near 
to it that the difference may well be due to errors of experi- 
ment. Indeed the difference amounts to a little more than 
half of one per cent. It is seen that there is a systematic fall- 
ing off in the value of the ratio. This is the reason of my de- 
laying the publication for ten years. 
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Had the correction, A, for the number of discharges been 
omitted, this difference would have vanished: but the correc- 
tion seems perfectly certain, and I see no cause for omitting 
it. Indeed I have failed to find any sufficient cause for this 
peculiarity which may, after all, be accidental. 

As one of the most accurate determinations by the direct 
method and made with very elaborate apparatus, I think, how- 
ever, it may possess some interest for the scientitic world. 


Art. XLII.—Determination of v, the ratio of the Electro- 
magnetic to the Electrostatic Unit; by Epwarp B. Rosa, 
Student in Physics in the Johns Hopkins University. 


THIS investigation was conducted in the physical laboratory 
of Johns Hopkins University during the months of March to 
June, 1889, under the direction of Associate Professor A. L. 
Kimball. The writer takes great pleasure in acknowledging 
his obligation to Dr. Kimball for valuable advice and encour- 
agement throughout the progress of the work. 

The method employed is essentially that given by Maxwell, 
vol. ii, §776. It was used by J. J. Thomson in his determina- 
tion of v, published in the Phil. Trans. for 1883. The follow- 
ing is substantially his description of the method. In a 
Wheatstone bridge ABCD (fig. 1), the circuit BD is not closed 
but the points B and D are joined to two poles S and R of a 
commutator, between which vibrates the armature P, which is 
connected with the inner shell of a 
spherical condenser. When P 
touches S the condenser will be 
charged, and there will be a mo- 
mentary current through the vari- 
ous arms of the bridge, through 
/ the galvanometer from D to C. 
When P touches R the two sur. 
faces of the condenser are con- 
nected and the latter discharges 
itself through DR. If now the 
armature be made to vibrate con- 
tinuously there will be a series of 
momentary currents through the 


A 


alvanometer, and by adjusting the resistance a (¢ and d being 
arge, fixed resistances), these interrupted currents may be 
exactly counterbalanced by the steady current from C to D, 
and the resultant deflection of the galvanometer is zero. 
When this is the case there is a relation between the capacity 
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of the condenser, the number of times the latter is charged and 
discharged per second and the resistances in the various arms 
of the bridge. Maxwell gives an approximate value of this 
relation. Thomson’s more complete investigation gives the 
following equation : 

a’ 


a} (a+e+g)(a+b+d) § 


ab ( ag 
e(a+b+d)§ | da+e+g) 

where » is the number of complete oscillations of the armature 
P per second ; C is the capacity of the condenser in electro- 
magnetic measure ; and the other letters are the resistances of 
the various arms of the bridge, as shown in the figure. In the 
present case the values of these resistances were about as 
follows: 

a = 40 to 1900 ohms. d = 100,000 ohms. 

b= 0O nearly. g = 6,000 

€ = 1,570,000 to 2,450,000 ohms. 
Owing to the very high values of ¢ and d as compared with a, 
band g the above equation may be replaced by the approxi- 


a 
mate one a which is true to within a hundredth of one 
NCC 


per cent. The electrostatic capacity, C’, is determined by eal- 
culation from the geometrical constants of the condenser. The 


ratio of these values of the capacity ra] is v’, the square root of 


which, v, is the quantity sought. 


Advantages of the method. 


Thus appears at once an important advantage of the method 
of determining the ratio of the units from the values of a 
capacity, namely, that v is the square root of the ratio of the 
capacities, and any error in ‘the latter enters into v by only half 
its amount. 

There are several important advantages of this method of 
measuring the electromagnetic capacity. In the first place, a 
knowledge of the exact electromotive force and resistance of 
the battery is not required, and their constancy is not essen- 
tial. In the second place, since it is a null method, such 
uncertain quantities as logarithmic decrement, torsion of the 
suspending fibre and period of the needle are not required; the 
galvanometer can readily be made more sensitive than a bal- 
listic galvanometer ; its “‘constant” need not be known; and 
the field of foree may be variable both in intensity and direc- 
tion without prejudice to the experiment. On the other hand, 


i 
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the quantities which are required are the period of the vibrator 
and the values of three resistances, quantities which are capa- 
ble of determination to a very high degree of accuracy. In 
the present case the vibrator was either a tuning fork or else it 
was driven by a tuning fork, and by the arrangement adopted 
the uncertainty in its period was reduced to an extremely 
small quantity. The difficulties and limits of the method will 
appear under the head of Sources of Error. 


Instruments. 


1. Condenser.—This was made from designs by Prof. Row- 
land. It consists of a hollow sphere whose radius is 12°7 em. 
and within which may be hung either of two balls of 10:1 and 
8°9 cm. radius, respectively. The condenser has a capacity of 
about 50 absolute electrostatic units with the larger ball and 30 
with the smaller. The spherical surfaces are accurately ground, 
nickel plated and polished to a mirror surface. The ball is 
suspended by a silk cord C, fig. 3, passing through a hole, 
7 mm. in diameter, in the outer shell, and attached to the insu- 
lated end of a pivoted beam and counterpoised. By means of 
a rack and pinion movement and vernier the ball may be accu- 
rately set in any desired position. Maxwell* objects to this 
form of a condenser on account of the difficulty of working 
the surfaces accurately spherical, making them truly concentric 
and determining with sufficient accuracy their dimensions. 
That these difficulties have in the present case been entirely 
surmounted will, I think, appear from the discussion under the 
heads of Displacement of the Ball (p. 305), and Electrostatic 
Capacity (p. 305). 

2. Galvanometer.— This was one of Elliott Bros.’ Thomson, 
high resistance, astatic galvanometers, made very sensitive. 

3. Tuning forks—Two of Konig’s forks were used, whose 
frequencies were approximately 32 and 130 per second. They 
were driven by three or four Bunsen cells, the same current in 
the case of the slower fork operating the vibrator P (fig. 1). 
Their exact periods were determined by Michelson’s method.t 

4 Vibrators.—The oscillating piece P in the case of the 
slower fork was a commutator, such as that used by Thomson. 
The action of this form of a vibrator was regular and satisfac- 
tory in the case of the slower fork; but with the higher fork 
great difficulty was experienced in obtaining sufficient uni 
formity, and finally it was abandoned and the following plan 
devised as a substitute. T,'T’ (figs. 2 and 3), are two prongs 
of the tuning fork, driven by the electromagnet M ; the inter- 
rupter, attached to the end of one of the prongs, not being 


*'Vol. i, p. 321. + This Journal, Jan., 1883. 
¢ Thomson, Phil. Trans., 1883, or Glazebrook, Phil. Mag., vol. xviii, p. 98. 
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shown. 6,0’ (fig. 3), are two fine brass wires, uniting at ”, and 
tipped with platinum at p, p’, where they are bent at right 


angles and fastened to the fork with an insulating cement. 
V, V’ are two small blocks of vulcanite attached to a firm sup- 
port A. Below the platinum points are two cavities in the 
vuleanite which are filled with mereury, and as the fork 
vibrates, first one and then the other of the points dips into the 
mercury. Thus the mercury cups, which are joined to B and 
D, respectively (fig. 1), answer to the posts S and R, while the 
wires 6, 6’ unite and run to the ball of the condenser. When 


3. 


the prongs separate p’ dips into the lower cup and the con- 
denser is charged; when they approach p dips into the other 
cup and the condenser is discharged. The points must be at 
least half a millimeter above the surfaces of the mercury when 
the fork is at rest, in order to avoid both dipping at once and 
short circuiting the condenser. With an amplitude of about 
three millimeters perfect contact is made at each vibration, and 
the regularity of action, as shown by the steadiness of the spot 
of light on the scale, is extremely satisfactory. The deflection 
of the needle when the steady current is not balanced by the 
intermittent current amounts in the case of the high fork to 
125 scale divisions, using the one-tenth shunt; i.e., without 
the shunt as it was used in practice to 1250 scale divisions. 
With the fork’s best action the resistances were adjusted until 
closing the key would cause a deflection of less than half a 
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seale division, corresponding to less than ;;'5;th part of the 
whole current. To obtain a regularity of action which per- 
mitted such accurate observations required a very delicate 
adjustment of the distance between the surfaces of the mercury 
and the points above, as well as clean surfaces and a steady 
current. 

5. Battery.—About forty cells of a storage battery with a 
total electromotive force of about eighty volts were used. A 
higher electromotive force, at first proposed, was thought to 
be unnecessary. 

6 Resistances.—The resistance a was taken from a box of 
Elliott Bros., whose total resistance was about 12,000 ohms; 
the resistance d was a 100,000 box from the same firm. The 
tirst of these, box A, was carefully calibrated by comparing the 
several coils on a Fleming bridge with three standard coils of 
10, 100 and 1000 B. A. units respectively. The first was a 
Warden Muirhead No. 292, 10 B. A. Units. Its value, deter- 
mined by Glazebrook, Oct., 1887, is 999416 at 16°°5 C. The 
other two had been previously carefully compared with this. 
The values of the resistances of box A adopted were the means 
of three different and closely agreeing determinations, made at 
different temperatures. The several coils of box B were eare- 
fully compared with the known resistances of A. The tem- 
perature-coefficients of both boxes were also carefully deter- 
mined. 

The resistance c was of graphite. Plate glass was ground 
with fine emery and lines ruled upon it. Under a magnifying 
power of several hundred diameters the layer of graphite ap- 
pears as made up of patches which run together at numerous 
points. The resistance of a strip of graphite of given length 
and breadth depends upon how well these patches are joined 
together. The glass and graphite are given a heavy coat of 
shellac and thoroughly dried. A series of ten such resistances 
was prepared and mounted, connection being made at the 
ends by tin foil, held firmly in contact with the graphite by 
rubber packing, wires passing out from the tin foil. The re- 
sistances were placed in cylindrical boxes with vulcanite tops, 
in which were set binding screws, joined to the wire terminals. 
The boxes can be surrounded by water or other material to 
lessen the temperature fluctuations. These resistances proved 
quite constant and reliable. Two were used in this experiment, 
R, and R,, whose resistances were approximately 1,570,000 and 
2,440,000 ohms. During the six weeks preceding May 9 their 
alteration, aside from temperature fluctuations, was inapprecia- 
ble. But between May 9 and May 13, when not in use, from 
some as yet unknown cause, both increased about one-half of 
one per cent, and up to June 8, when last used, remained 


| 
ij 
| 
| | 
| 
4 
| 
: 


Electromagnetic to the Electrostatic Unit. 303 


nearly constant at the new value. Inasmuch as glass and 
shellac are poor conductors, the temperature of the graphite 
resistances cannot safely be assumed to be the same as that of 
the air within the box, unless the latter has been kept constant 
for some time. In order, therefore, to avoid all uncertainty as 
to their values these resistances were determined anew when- 
ever used, and, if their temperature changed materially, both 
just before and just after using. They were compared with the 
resistances of boxes A and B, two arms of a Wheatstone bridge, 
with a ratio of 99°89, being taken from A. Here is a specimen 
observation and calculation. 

Graphite 19°-8 


May 22. Bridge reading 24,430. Temperatures A = 20°3 
B= 

24.430 = 1 20000 from B = 20,012 at 20° = 20,015 at 20°°6 

4430 “ A 4443 4444 “ 20 


24,459 X 99°89 = 2,443,200 ohms at 19°°8 = temp. at which used. 
This value is reliable to within one part in five thousand. 


It is proper to add that if these graphite resistances are put 
into a cireuit where there is a large difference of potential be- 
tween their terminals, their resistance is immediately dimin- 
ished by heating. With three Bunsen cells used in measuring 
their resistance no heating was perceptible. In the determina- 
tion of capacity there was a difference of potential between the 
terminals always less than two volts and usually less than one. 
When the temperatures were maintained constant the resis- 
tance after use was always precisely the same as_ before. 
While, therefore, the use of high graphite resistance is some- 
what restricted where great accuracy is desired, they still may 
serve a very useful purpose in many eases, and are the most 
convenient and reliable of any high resistance, aside from 
metal wires, that I know anything about. 


Arrangement of the apparatus. 

The vibrators were fixed as near as possible to the condenser 
to reduce the capacity of the» charging wires to a minimum. 
The condenser, galvanometer and other parts of the apparatus 
were insulated with great care; and yet in spite of all precau- 
tions leakage made its appearance on rainy days, and a slight 
trace of leakage could usually be detected. Observations were 
consequently confined to fair weather. The apparatus for de- 
termining the frequency of the forks was kept always ready 
for use. 

Sources of Error. 

1. Resistances.—The constant errors in the resistances must 
have been very small, and corrections for temperature fluctua- 
tions were made with great care. 
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2. Tuning forks.—Michelson’s method furnishes a very 
exact determination of the period of an electric tuning fork, 
but unfortunately the period does not remain constant. This 
is especially the case with the higher fork, the charging wires 
and spring contact having a varying effect upon the rate in dif- 
ferent adjustments. But the slower fork with mercury con- 
tact was not, even after making proper temperature-cor rections, 
perfectly constant. To avoid all uncertainty and obviate the 
necessity of applying a temperature- -correction the rates of the 
fork were determined each time anew, usually before and after, 
or in the midst of a series of observations on capacity. As 
stated, the apparatus for the purpose was always ready for use, 
and without stopping the fork or changing its circumstances in 
any way whatever, by simply closing the clock circuit and the 
primary circuit of the induction coil, [ could in three to five 
minutes count a sufficient number of flashes to give me the 
period of the fork true to within less than one part in ten 
thousand. Occasionally a slight change in the sound emitted 
by the fork, due to variation in contact or current, suggested a 
possible change i in the period; a moment’s glance in the micro 
scope would answer the question. This method of dealing 
with the rates of the forks avoids the introduction of small 
constant and large accidental errors, which may happen when 
the rates are determined once for all. 

3. Charging wires. —The vibrating armature P (fig. 1), the 
wires 6, b’ (fig. 3) as well as the joining wire ¢ have a certain 
capacity which adds itself to that of the condenser when they 
are connected, but which may be determined separately by dis- 
connecting the charging wire at m. Thus, on April 15, with 
R, and fast fork, the resistance a was 1874°5 and 153-0 respec- 
tively in the two cases mentioned, which gives 1721°5 ohms as 
the resistance corresponding to the condenser alone. This 
assumes that the capacity of the charging wire is the same 
when joined to the ball as when separated. The capacity of 
the 2°5 em. of fine brass wire between the ball and the shell, 
(fig. 3) is nearly one per cent of. the capacity of the condenser, 
determined experimentally. It would seem that this capacity 
might be slightly greater when the wire was disconnected from 
the ball and at a different potential ; but being lifted one or 
two millimeters in disconnecting its capacity would be thereby 
reduced. The effects of these two modifying circumstances 
were separately very carefully studied. With the rapid fork 
running very smoothly a change of half an ohm could be easily 
detected ; this would be equal to a change of 1-3500th of the 

capacity of the condenser. No difference could, however, be 
observed, although the trial was several times repeated. The 
two effects have. opposite signs, and if each is inappreciable 
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much more would their sum be so. I therefore conelude that 
the difference of the observed capacities of condenser and 
charging system together and of charging system alone is a 
trne measure of the capacity of the condenser. 

4. Displacement of the ball.—The upper half of the spheri- 
cal shell was lifted and the lower half adjusted upon its sup- 
ports until the distance of the ball from the shell was the same 
at all points on the equatorial circumference. The upper half 
of the shell was then replaced, and by means of the rack and 
pinion the ball was first lowered and then raised until it 
touched the shell, the exact moment of touching being indi- 
eated by an electrical contact, and several readings taken on 
the vernier in each position. The mean of the readings in the 
two positions gave the central position. In this manner the 
ball was adjusted vertically to within 0-1 mm. and equatorially 
within 0°2 mm. Thus the ball is centered to within less than 
one per cent of the distance between the ball and shell, which 
is25 mm. Thomson has investigated a formula for the capa- 
city of eecentric cylinders. The formula shows that for a dis- 
placement of one per cent the capacity is increased yt,th of 
one per cent. Evidently the capacity of spherical shells is less 
affected by slight eccentricity than cylinders. Therefore we 
may safely conclude that no error is due to eccentricity. This 
conclusion was verified experimentally, a displacement of four 
per cent causing an inappreciable change. 

5. Adjusting resistances——The accidental errors occurring 
in, adjusting the resistances « so as to produce zero deflection 
will be eliminated by a large number of observations. Their 
magnitude depends on the strength of the current, delicacy of 
the galvanometer, regularity of the vibrator, ete., and are larger 
with the slow fork than with the fast. The stronger the ecur- 
rent and more sensitive the galvanometer the greater the de- 
flection due to a certain error in a, but on the other hand the 
greater the unsteadiness of the spot, so there is a practical limit 
in that direction. That these accidental errors are small is, I 
think, attested by the uniformity of the results obtained. 


Electrostatic capacity. 
The electrostatic capacity of the condenser was calculated 
from the formula C = as where 7,7’ are the radii of the 


shell and ball respectively. The radii are determined by find- 
ing the volume of water which fills the shell and which is dis- 
placed by the ball. These results are confirmed by direct 
measurement upon the dividing engine. 
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Bali A. 

May 1. Weight in air 2903°83 g. Temperature 18°°9 ; Bar. 76 
em. Volume of ball 4 889° ee. Correction for displaced air 
is consequently +4°83 g. ... Weight of ball in vacuo = 2908°66 g 
A second determination gave 2908'64 g. I therefore take for the 
true weight in vacuo 2 908° 65. The bs all being lighter than water 
a sinker ¥ was attached and the following weighings made : 


May 3. Ww’ tin distilled water, ball and sinker, 210°62 g. at 17°°05 C. 
sinker alone, 1635°59 “ at 17°10 C. 

difference, 1424°97 
25 
7 ce alr displaced by weights ‘21 “ 


Correction for 


1424°76 “ 


Weight of ball in vacuo, 2908°65 “ 
Loss of weight in water at 17°°05 C. = 433341 “ 


volume in cubic centimeters. Another determination gave 4338°87. 
I take as a mean 4338°8, which makes the mean radius 7,'= 
10°1180em. An error of 0°1 in the number.4338°8 w ould cause,an 
error of less than a thousandth of a millimeter in 7, 


Bali B. 
May 1. Weight in air, 2321°40 g. 
Correction for displaced air, 3°20 “ = 2324°60 g. in vacuo. 
May 3. Wi in distilled water, ball and sinker, 208.96 g. at 16°°45 C. 
sinker alone, 807 86 g. 
difference, 598°90 
Correction for air displaced by weights = 
598°81 * 
Weight of ball in vacuo, 2324°60 “ 
Loss of w eight in water ‘at 16°-45 C. 2923°41 


volume in cubic centimeters; this gives 7,’ = 8°8735. A second 
determination gave a closely agreeing result. 


In these weighings the bodies were lifted completely out of 
water, replaced ‘and air bubbles carefully removed at least three 
times in each weighing. The mean of the several values, 
which differed in the centigrams, was each time taken. These 
differences were usually due to slight changes in the tempera- 
ture of the water, the balances being far more sensitive than 
the thermometer. As, however, the temperature was read to 
sisth of a degree several times during a weighing and the 
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mean taken, it is thought the temperature is true to within 0°1 
and this corresponds in the case of the larger ball to about ‘07 g. 
I think the values of the radii given above are true to within 
two or three thousandths of a millimeter. 


Shell. 


The weighings of water contained by the shell were made by 
replacement. The shell was sealed about the junction of its 
two halves with white paint, filled with distilled water and 
allowed to stand to absorb any air bubbles which might have 
escaped the brushing with a wire which was given the inner 
surface after filling. The condenser was placed on the plat- 
form of the scales, approximately counterpoised and then ac- 
curately balanced by adding weights to the platform ; about 
100 ee. of water was then withdrawn, temperature taken, shell 
refilled, (the space around the opening being thoroughly raked 
with a wire to prevent error from small air bubbles which 
tended to lodge there), and weights again added to balance. 
The following weighings were thus made: 


130°7 g. 130°5 131°2 131°3 
132°0 132°0 131°7 131°4 Mean=131°4 g. 
131°6 131°4 Mean temp. 18°°4 


The condenser being emptied and carefully dried required 
the following weights to balance the counterpoise. 


8650°3, 8650°8, 8650°9,  8650°9; mean 8650-7 
8650°7 —131°4=8519°3= W’t of water at 18°°4 in air. 


8531:8= “ “ 4°°0 
Correction for displaced air 91 
8540°9 g.= “« in vacuo 


=volume of the shell in cubic centimeters. This makes the 
radius 7 = 12°6805cem. It seems reasonable to suppose that 
the number 8540°9 is true to within less thana gram. This 
would make the error in 7 less than ‘0005 em. 

These values of the radii are confirmed by the following 
direct measurements made on a dividing engine, using calipers 
and a standard meter bar by Bartels and Diederichs, Gottin- 
gen, whose length is accurately known. Three mutually per- 
pendicular diameters of the shell were found to be 25:357, 
25°360, 25°358em. Mean = 25°358, giving 7 = 12°679, a very 
close agreement in view of the difficulty of setting the calipers. 
More accurate measurements on the balls were obtained. 

Ball A. Following are twelve diameters. 
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20°2399 20°2372 20°2170 

20°2358 20°2336 20°2348 

20°2350 20'2382 20°2250 

20°2250 20°2315 20°2401 
Mean = 20°2828+ correction for the bar, ‘0038=20'2366 ... 7’,= 
10°1183 cm. 

Ball B. Following are six diameters. 

17°7468 17°7408 17.7429 

17°7465 7°7452 17°7407 
Mean = 17°7438+ correction for the bar, :00834=17°7472 7’, 
8°8736. 

It is perhaps somewhat accidental that these values coincide 
so closely with the values of the radii found by the first method. 
Their importance is not insisted upon further than as furnish- 
ing satisfactory confirmation of the results of the other and 
more accurate method. 

It will be seen that in ball A no diameter differs from the 
mean by as much as a tenth of a millimeter, and in B the varia- 
tion is still smaller. This deviation from perfect sphericity 
has no appreciable effect upon the value of the capacity caleu- 
lated from the ordinary formula. We now have: 
12'8805 X10°1180 _ 55.959, 

12°6805 — 10°1180 
12°6805 x 8°8735 _ 

The radius of the hole in the shell through which the sus- 
pending cord passes is 0°35 em. and its area zs55th part of 
the area of the shell. The capacity is diminished in a less ratio 
than the area; therefore the capacity is diminished probably 
not more than a hundredth of one per cent, a quantity wholly 
negligible. 


29°556. 


Electromagnetic capacity. 

A series of observations on the electromagnetic capacity by 
the method described was made, extending from March 28 to 
June 8, under a variety of circumstances as to weather and ex- 
ternal surroundings. The two graphite resistances, the two 
tuning forks, and different resistances from box A were 
variously combined, and at temperatures ranging from 17° 
to 25°C. The shell and ball were occasionally re-adjusted, 
and between April 16 and May 4 the condenser was taken 
apart and its electrostatic capacity determined. Further, in 
order to measure the graphite resistances the apparatus, as 
shown in fig. 1, was each time disconnected and put together 
again. All these variations must have had the effect of elimi- 
nating to a large degree constant errors, while of course the 
single observations do not agree as well among themselves as 
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they otherwise would. Following is the last observation made, 
given as a specimen : 

Resistances @: 1930°0 — 194°9 = 1736°0 Temperature: 
1932°0 —195°5 17365 A = 22°38 
1932°0 —1970 —1735°0 23°-0 
1932°5 — 196°5 1736°0 Graphite 23°C 

The wire was first in contact at m (fig. 3), and the resistance 

« corresponding to joint capacity of condenser and charging 
system was 1930°0 ohms. The wire e (which slides with some 
friction in the small glass tube G, the latter being fastened at 8 
to the ebonite R) was now lifted very slightly, and 194°0 ohms 
found to give no deflection on closing the key in the galvanom- 
eter circuit. ‘The wire was then again lowered to contact and 
the subsequent observations made in a similar manner. Any 
leakage increases the numbers alike in the first two columns, 
and if constant does not affect the differences, which give the 
capacity of the condenser. But the leakages are not constant, 
so that small differences are thereby introduced ; this accounts 
in part for the differences above, though of course small differ- 
ences are inevitable if there be no leakage. As illustrating 
how a large leak if constant eliminates itself the following item 
from my notes of June 6 is of interest. The wooden base of 
the condenser was thoroughly wet with a cloth, and the leakage 
thereby introduced changed the readings from 1924-186 to 
1933-195, the difference, 1738, remaining unaltered. 


The mean of the above differences is 1735°9 
Correction: excess at 20° C.=5°4; temp. corr. 1°3;= 6°7 


@= 1742°6 
Box B = 100, 120 at 23°0 =d 
R, (calculated as already explained) 2,435,800 = c 
Frequency of the fork 130°075 = 2 
1 B. A. unit = -98664 ohm. 


a 1 
C= C being the capacity of the condenser 


in absolute electromagnetic units. 
log ¢ = 2,435,800 = 6°386642 
d 100,120 
130°075 27114194 
‘98664 10° 8994159 
22°495516 


“ g= 17426 3°241198 
“© 20°745682 n. 
O',= 50-069 1699568 
20°953886 
10°476943 
v 2°9988 x 10”° cm. per sec. 
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Table of Results. 


[The numbers in the columns headed v when multiplied by 10! give the values 
of v in centimeters per second. ] 


| Weighted Weighted 
mean of v; . mean of 
grcup. fast fork. group. 


Group. | Date. No. 


ght. 


v; 
slow fork 


March 28. 30040 

| April 2. 2 | 30031 
2°9993 

2°9980 

3°0009 

3°0010 

| 3°0036 

Group I. | 3°0012 2:9994 
(24) 29990 

2°9975 

9953 

‘9977 


| Wei 


2°9993 
3°0031 
2°9998 
2°9986 
2°9996 
3°0048 
3°0041 
30053 
3:0063 
3°0029 3°0029 
3°0024 (33) 
3°0006 
3°0011 
30009 | 


bo bo bo 


bo 
“TQ 


tbo 


3°0058 
3°0007 
3°0039 
3°0069 
3°0033 
3°0073 
3°0012 
3°0105 
Group III. 3°0090 | 
3°0059 | 
3°0021 
3°0036 | 
2°9990 


bo bo 


2°9947 | 
2°9950 | 
2°9966 | 


30017 
Group IV. 5 3°0022 (15) 


92-9988 | 
June 6. 29978 
29980 | 
8. 2:9980 | 
2°9988 


H 
4 
2 
3 2°9987 4 
| 15. 13 
14 
| 16. 15 
16 
17 
| 19 
6. 20 
Group II. 
0045 j 
(16) 
30043 q 
| (16) 
21. | 40 
42 2 
| 16 3:0028 (25) 
| 4 
| 4 
4 : 
4 
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The results exhibited in the preceding table have been 
divided into four groups. The first group consists of seven- 
teen values found before the condenser was taken apart to 
measure its electrostatic capacity. During this time the upper 
half of the shell was lifted and the ball adjusted two or three 
times. The values found by the fast fork are more uniform 
than the others and average somewhat lower. The second 
group extends from May 4 to 9, inclusive, when the condenser 
had been set up again. There were two small glass tubes 
about 5mm in diameter and drawn out to about 2mm, where 
they projected (between 1 cm and 2cm) through the shell into 
the space within. They had once been used to pass charging 
wires through. The wires had been withdrawn, and it was 
supposed that the glass tubes had no appreciable effect. The 
holes were together only ;,'55th of the area of the shell, and 
the tendency of the glass to slightly increase the capacity 
would tend to counterbalance the decreasing effect of the holes. 
When the condenser was set up the second time the tubes 
were intentionally left out, and the values of group II were 
noticed to be larger than those of group I. No cause could be 
discovered for this increase (which indicates a ess electromag: 
netic capacity), but the tubes were replaced and group III 
taken. The mean of this group is as large as that of the pre- 
ceding group. The tubes were now again withdrawn and the 
holes covered with gold foil, making the inner surface of the 
shell continuous. Group IV gave values averaging almost 
exactly the same as group I. The circumstances were alike in. 
other respects so far as is known; the usual variations in the 
conditions of the observations, as already explained, occurring 
in all the groups. I do not think the presence or absence of 
the tubes could affect the capacity appreciably ; they were 
altogether too small, probably not filling over a thirty-thou- 
sandth of the space between the ball and shell. But that there 
was a difference in the actual capacity of the condenser when 
groups I and IV were taken from its value when II and III 
were obtained seems almost certain. As yet I have not become 
satistied as to the cause of this difference, but it seems probable 
that in putting the condenser together some obstruction lodged 
between the two halves of the shell and prevented them from 
coming completely together. Had they been separated a few 
hundredths of a millimeter only, the difference in question 
would be fully accounted for. The surfaces of contact are 
very accurately ground and polished, and loosening the screws 
does not cause them to separate, as proved by the capacity 
remaining constant. That the low fork should give higher 
values for v than the high one (which means a lower value for 
the capacity), is rather unexpected and not fully understood. 
The low fork gave only a quarter the current given by the 
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high one, and was less steady in its action in proportion to the 
current; consequently the single observations were less reli- 
able, but this alone does not account for the nearly uniform 
difference. 

In view of the uncertainty as to the cause of the variations 
it is difficult to determine how best to combine the results. 
The weight of each single value of v in the table is determined 
by considering the number of observations from which it is 
calculated, the uniformity of the separate observations, the 
steadiness of the spot, ete. If we give to groups II and III 
one-half the weight of I and IV in proportion to the sum of 
the weights of the separate values we have as the mean for the 
fast fork 2°9994, and for the slow fork 3:0023. Giving now 
double weight to the results of the fast fork on account of 
their greater accuracy and uniformity, we have as a mean of all 
v= 30004 X 10" cm. per sec. 

Again, if it be found that the cause suggested is the true 
cause of the excess of groups IT and III ‘then those groups 
should be thrown out and we should have 2°9982 and 3-0014 as 
the means, which combined as before would give for the mean 
of all v=2:9993x 10" cm. per sec. These values are based 
upon the value 98664 for the British Association Unit. 

It is proposed to resume this investigation next winter, when 
more perfect insulation can be obtained, and several improve- 
ments in the details of the apparatus will be made. The 
smaller ball of the condenser will then be used also, and the 
cause of the difference in the values given by the two forks 
will be studied. Although we cannot yet say whether ~ is 
greater or less than 300, 000, 000 meters per second, it seems 
certain that it is within a tenth per cent of this number, and it 
is hoped in the continuation of this investigation to narrow 
considerably further the range of uncertainty. 

For convenience of reference the following values of v and 
of the velocity of light as found by different observers are 
added, the values of » being corrected to the value ‘98664 for 
the B. A. Unit: 

v, ratio of the units. Velocity of light. 


11856. Weber & Kohlrausch 3°107 x 10” | 1879, Michelson _...--.. 2°9991 x 10" 
21869. W. Thomson & 2° 808 | 1882. 2°9985 
31868. Maxwell ‘ | 1882, Newcomb........- 2° 9986 
41872. } 
51879. Ayrton & Perry_... 2°960 2°98% 50 
61880. Shida _........... 2°955 “ | 1878. Cornu 
71883, J, J. Thomson..... “ | 1880-81. Young & Forbes_ 3°0138 
81884. Klemencic 
$1888. Himstedt 

1889. W. Thomson _____- 3004 “ | 


Johns Hopkins University, Baltimore, June 15, 1889. 


1 Weber & Kohlrausch, Electrodyn. Maasbestim., Abh. der Kénigl. Sachs. 
Gesellschaft der Wissensch., vol. v, p. 219, 1856. 

? King, Report of the Committee on Electrical Standards, 1869. 

3 Maxwell, Phil. Trans., 1868, p. 643. 4 Dugald M’Kichan, Phil. Trans., 1879. 

5 Ayrton & Perry, Jour. Soc. Tel. Engineers, 1879, p. 126. 

® Shida, Phil. Mag., V, x, p. 431. 7J. J. Thomson, Phil. Trans., 1883, p. 707 

8Klemencic, Wien. Ber. lxxxiii, 88. * Himstedt, Wied. Ann., No. 9, 1888. 


| 
ra 
| 
| 
q 
q t 
| 
2 
4 
j 
J 


G. H. Eldridge—Formations of the Middle Cretaceous. 313 


Art. XLIII.—Some suggestions upon the method of grouping 
the formations of the middle Cretaceous and the employ- 
ment of an additional term in its nomenclature ; by GEO. 
H. ELDRIDGE. 


IN recent studies in Colorado, in earlier work in many parts 
of Montana, and in a general examination of the results ob- 
tained by the leading workers in the Cretaceous geology of the 
West, it has several times occurred to the writer that there 
existed a demand for a reconsideration and revision of the 
methods of grouping the formations comprising the middle 
portions of the Cretaceous,—that is, the Fort Benton, the 
Niobrara, the Fort Pierre, and the Fox Hills. 

Granting the desirability of such revision, there arises with 
it a parallel necessity for the reconsideration of the nomencla- 
ture of this part of the Cretaceous, and for the suggestion of 
a group name for one of the two more general divisions into 
which it is still proposed to cast the formations mentioned. 

The object to be attained by the revision here advocated is : 
first, the creation out of the formations of the middle Cre- 
taceous of two divisions, each of such stratigraphical and _pale- 
ontological weight as shall rank it with either the Dakota 
below or the Laramie above ; secondly, the assignment to these 
divisions of appropriate names, of a taxonomic value equal 
to that of the ones already given to the formations with 
which they are to rank. 

The plan of grouping, suggested here, includes in the lower 
of the two more general divisions the formations of the Fort 
Benton and Niobrara; in the upper, the Fort Pierre and Fox 
Hills: for the former no better name can be found than that 
already in use—Colorado ; for the latter the name—Montana— 
is now, for the first time, proposed. 

To take up the foregoing points at somewhat greater length: 
first, a brief exposition of the leading characteristics of the 
formations involved is quite in order. 

The Fort Benton.—This is essentially a formation of black, 
argillaceous shales, passing by transitional beds into the forma- 
tions both above and below, though into the latter always in a 
manner more or less abrupt. Its thickness, like that of the 
other marine Cretaceous formations in the West, varies consid- 
erably from point to point, but is generally between four and 
eight hundred feet, approximating the smaller figure oftener 
than the larger. In addition to its leading characteristics—its 
black or leaden-hue color, argillaceous composition, and shaiy 
nature—it is marked by the occurrence, here and there, of a 
few narrow and intermittent bands of fossiliferous limestone, 
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more or less bituminous ; by the frequent presence at certain 
horizons of concretionary, clay ironstones; and by the occa- 
sional appearance of a few narrow bands of impure, argillace- 
ous sandstone. As the summit of the formation is approached, 
the clays become more calcareous, and the limestones more 
prominently developed, the latter, at times, bearing a distinct 
resemblance to the lower layers of the important bed at the 
base of the Niobrara, though rarely attaining a thickness of over 
four or five feet. 

Among the characteristic fossils of this formation the’species 
Ostrea congesta and Inoceramus problematicus are especially 
well represented, and by their abundance, often impart to the 
limestones in which they occur a texture most peculiar and 
distinctive ; in addition to these, Selachian teeth are also fre- 
quently met with, especially in the more bituminous layers. 

The Niobrara —In thickness this formation varies from a 
mere trace to approximately four hundred feet. Where well 
developed, as along the foot-hills in Colorado, its sedimenta- 
tion is sufficiently differentiated to readily permit its divisions 
into three distinct members: the lowest a bed of limestone, of 
an average thickness of fifty feet ; the middle, a succession of 
gray, marly clays, one hundred and ten feet; the uppermost, a 
series of calcareo arenaceous clays, of various shades of yellow 
or buff, two hundred and forty feet in thickness, remarkable 
for the presence of “alkali salts,” and containing several bands 
of impure, yellow, saccharoidal, fossiliferous limestone. 

The basal member of limestone, from its general persistency 
and the prominence of its characteristics, forms an admirable 
datum level for reference in the study of Cretaceous strati- 
graphical geology. Its leading characteristics are its bluish- 
gray, light-gray, or clouded-white color; its superior hardness 
and consequent great resistence to atmospheric influences ; its 
even, fine-grained texture; the general purity of its compo- 
sition; its conchoidal fracture ; the uniform thickness of its 
component beds, from one to three feet ; and its fossil contents. 
Where well developed, as in Colorado, these characteristics are 
more especially applicable to the lower twenty-five or thirty 
feet of the limestone series, which is the portion of particular 
economic value and is extensively worked ; the upper half is 
usually much thinner bedded, and passes by transitional shaly 
beds into the overlying group of marls. For two or three 
feet upward from the base of the series, also, the strata often 
show a transition character, linking this formation with the 
Fort Benton below. 

The life of the Niobrara included three especially prominent 
molluscan forms, the Ostrea congesta, the Jnoceramus proble- 
maticus, and the Jnoceramus deformis, the last, a very charac- 
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teristic species, but the first two being equally abundant in the 
formation below. Fish integuments also are equally plentiful 
in either series of beds. Both the Fort Benton and Niobrara 
are, however, largely dependent for their paleontological dis- 
tinction upon species of much more unusual occurrence than 
those which are everywhere met with. 

The Fort Pierre—In marked contrast with both of the 
above formations is that of the Fort Pierre. The latter is, in 
the main, a great body of leaden-gray clays, carrying from 
bottom to top lenticular bodies of impure limestone and, in 
several localities midway in the series of beds, a zone of 
yellowish, quartzose, and more or less calcareous sandstone, of 
a thickness varying between one and two hundred feet. Though 
the formation attains the exceptional thickness of over seven 
thousand feet in the vicinity of Denver, Colorado, it generally 
falls far below this figure, rarely attaining fifteen hundred feet, 
and frequently only seven or eight hundred. 

The clays are of a remarkably uniform texture ; often show 
a tendency to concretionary structure, though always clearly 
and evenly stratified; are plastic in a noticeable degree ; and 
have a general distribution of lime, gypsum, and alkali salts 
throughout. Their capacity for moisture is such, that, upon its 
evaporation under the rays of the hot western sun and the dry 
atmosphere of the prairies, the formation—especially if in an 
approximately horizontal position—becomes most character- 
istically reticulated with deep and gaping contraction cracks, a 
condition which renders the country both scant of vegetation 
and unattractive to the eye. 

Equally characteristic with the above are the lenticular 
bodies of gray limestone, which occur promiscuously through 
the formation and carry the bulk of its fossils. The dimen- 
sions of these bodies very between two and six feet in the 
direction parallel to the bedding planes of the clays, and_ be- 
tween six inches and two feet in the direction normal to these 
planes. Their composition lies between that of a clay with 
very little carbonate of lime and a very pure limestone, gen- 
erally inclining to the more calcareous variety ; they are fre- 
quently reticulated with narrow calcite seams, which, under a 
blow from the hammer, cause the bodies to break into sharp, 
angular fragments; in many of the limestone bodies fine par 
ticles of carbonized vegetable tissues also abound. 

The sandy zone of the Fort Pierre derives special interest 
from its frequent, close resemblance to the heavy beds of sand- 
stone at the base of the Laramie, from which, however, it is 
deadily distinguishable both by its fossils and its stratigraphical 
rositio n. 

The life of the formation is abundant, but its especially 
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prominent forms are mainly included in the genera Lnoceramus, 
Cucullea, Nautilus, Placenticeras, Baculites and Scaphites. 

At the summit of the Fort Pierre, between it and the Fox 
Hills, occurs the second marked zone of transition in the great 
Cretaceous series of formations. In passing upward, it is first 
recognized only in a very slight change in the character of the 
sediments laid down, their composition passing from that of a 
pure clay to one in which there is a minute but distinguishable 
amount of fine arenaceous material. In the overlying strata 
the arenaceous constituents are found to further increase until, 
finally, the opposite condition is reached, in which we have a 
large predominance of sandy material with but a compara- 
tively small proportion of purely argillaceous matter,—a con- 
dition which shortly afterwards becomes normal for the main 
mass of the Fox Hills shales. Limestones, similar to those 
occurring below, are present throughout this zone and extend 
even well up into the formation above. Fossils also occur, but 
the special mark in the life of the zone, is the sudden increase 
in the members of the genus Mactra, a genus which has only 
occasionally been met with below, but which, from this upward, 
is present in innumerable quantities. 

The Fox Hills.—This formation, the closing member of the 
marine Cretaceous, embraces a thickness of strata varying 
between two or three hundred and one thousand feet, according 
to locality. It is essentially a formation of arenaceous shales, 
of fine material, soft and friable, but still having in an impor- 
tant degree an admixture of argillaceous matter, which occurs 
both disseminated amidst the fine sand and in occasional bands 
interstratified with those more purely arenaceous. Limestone 
concretions, similar to those described for the Fort Pierre, 
occur here and there through the shales, though perhaps in 
somewhat fewer numbers. At the summit of the series lies < 
prominent and most important bed of sandstone, of universal 
occurrence, having a uniform thickness of about fifty feet. 
The entire formation has a decidedly yellowish cast, the 
capping sandstone especially so, though frequently modified by 
a slight tinge of green. 

The sandstone referred to derives its importance from the 
position it holds as capping the great series of marine Cretace- 
ous sediments; from the decided differentiation from its ma- 
terial, of that of the basal sandstone of the Laramie which 
immediately succeeds ; and from the value of its upper stratum 
asa line of demarkation between the two formations. The 
last feature may be ascribed to the abundance and the distinct 
character of the fossil forms that occur at its very line of union 
with the overlying Laramie, none of which forms are ever found 
above, and but few of which are met with, in numbers, below. 
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This fact cannot be regarded of mere local importance, for it 
has, for a long time, been recognized over the entire West, 
wherever the summit of the formation lies exposed. Among 
these forms are Mytilus subarcuatus, Crenella elegantula, 
Nucula cancellata, Cardium [Ethmocardium] speciosum,* 
Solemya subplicata, Spheriola cordata, Veniella humilis,* 
Callista Deweyi, Callista | Dosinopsis| Owenana, Mactra 
alta,* Tellina scitula, Tancredia Americana,* Liopistha 
[Cymella| undata, Fasciolaria Cheyennensis, Pyrula Bairdi, 
Fusus sp.? Pseudohuccinum Nebrascense, Anchura Amer- 
icand, Turritella sp.? Dentalium sp. ?* Cylichna sp. ?*, ete., 
etc. According to Dr. C. A. White, such of the above as are 
starred especially characterize this horizon; the others may 
range from this, lower. In plant life Halymenites major is 
generally met with on all sides. 

From the foregoing details, the following relations of the 
several formations to each other may be clearly and legitimately 
deduced : first, the component strata of the Fort Benton and 
Niobrara frequently, and the life generally, shade into each 
other; second, this is again, even more forcibly, paralleled in 
the sedimentation and life of the Fort Pierre, and Fox Hills; 
third,—and on the contrary,—between the Niobrara and Fort 
Pierre, or, which is the same thing, between the Colorado and 
Montana groups (as was suggested they should be designated 
arly in this paper), there is a differentiation of both sediments 
and life, greatly in excess of any similarities in these respects 
that may be noticed from time to time in any particular 
locality. These facts—especially the ones in regard to life 
are considered by Dr. White, the eminent authority upon the 
North American Cretaceous, as furnishing a most satisfactory 
basis for the grouping of the several formations as here 
adopted ; and, indeed, it is on account of the paleontological 
relations of the formations to each other, that he himself was 
led, as early as in 1876 and ’77, to employ a precisely similar 
system of grouping to that here suggested, though under a 
partially different nomenclature. 

The above distinctions were also remarked upon by Professor 
Meek in his work—“ Invertebrate Paleontology,” vol. ix, U.S. 
Geological Survey of the Territories, 1876, pp. xxxii and xxxiil, 
—where he says: “ In passing from this formation [the Niobrara] 
to the next above, we cross the most strongly-marked paleonto- 
logical break in the whole series, unless that between the 
Dakota group and Fort Bentou group may be equally so. As 
far as yet known, none of the Dakota group species occur in 
the beds above, but then the number of species yet found in 
that division and the Fort Benton group is hardly sufficient to 
warrant the conclusion that some forms may not be common to 
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the two horizons, as seems to be the case in Texas and New 
Mexico. In passing from the Niobrara group, however, into 
the succeeding rocks above, in which great numbers of fossils 
occur, not a single species, as far as known to the writer, has 
yet been found identical with any form known from either 
of the three divisions below. In addition to this, the upper 
surface of the Niobrara beds is, at several places on the 
Missouri, seen to have been eroded into irregularities, or 
depressions, previous to the deposition of the succeediug Fort 
Pierre group, thus giving additional evidence that some kind 
of a physical change (perhaps slight) occurred between the 
deposition of the latest portion of the Niobrara division and 
the first of the Fort Pierre beds.” 

Finally, the views of Dr. George M. Dawson of the Can- 
adian Geological Survey are also interesting in this connection. 
In a personal letter to the writer he remarks: “I agree fully 
with your main proposition as to the grouping together of the 
Fort Pierre and Fox Hills. It has proved impossible in our 
western region—from the 49th parallel to the Peace River—to 
make a satisfactory paleontological division, and in the northern 
part of Alberta sandy zones containing an essentially Fox 
Hills assemblage of fossils have been found even toward the 
base of the Pierre shales as locally developed.” 

With regard, however, to the lower portion of the series of 
formations under discussion, Dr. Dawson remarks: “ Nothing 
which can really be said to represent the Niobrara has been 
found north of the 49th parallel to the west of Manitoba 
region. While the Belly River series may in part represent 
the Niobrara, this cannot yet be proved ;’—and referring to 
the rank of the Dakota and Laramie: “The Belly River series 
for identical reasons, must be allowed to nold a similar inde- 
pendent position, representing, as it does, entirely differeut 
conditions of deposition from the formations above and below 
it.” Again, however: “ As an exception to the above, I may 
mention that in the Manitoba region, from the existence of 
blending between the Niobrara and Fort Pierre formations, it 
has so far been found impossible to there establish a dividing 
line between them.” 

Dr. Dawson, in concluding, remarks that, so far as his 
knowledge goes at the present time, he does “ not consider the 
restricted Colorado group a useful division of the Cretaceous 
over the western portion of the country of the plains north of 
the 49th parallel.” 

Reflection upon the above facts presented by Dr. Dawson 
leads to the following observations: first,—in regard to that 
portion of them which relates to the Belly River series or its 
possible equivalent the Niobrara,—although the present state 


| 

i 
| 
| 
| 
| 
| 
| | 
| ‘ 
| j 
3 
| i 

| 

| 


Jormations of the Middle Cretaceous. 319 


of knowledge of this formation and the Fort Benton below, 
in the Northwest Territory, does not seem to justify the group- 
ing together, in that region, of two such apparently widely 
different series of beds, yet, with the exception noted for Man- 
itoba, it serves well the purposes of the geologists of the 
United States, in supporting the argument for a division of the 
middle Cretaceous at the line suggested in the present article, 
namely, that of the Niobrara and Fort Pierre; secondly, that 
portion of Dr. Dawson’s remarks which has reference to the 
relations between the Fort Pierre and Fox Hills formations is 
thoroughly consistent with the facts as developed within the 
area of the United States in regard to these two formations, 
and at once becomes available in support of sv much of the 
argument of this paper, as bears upon the establishing of a 
comprehensive group to include these formations. 

If, now, a group is constructed out of the upper two forma- 
tions of the middle Cretaceous (a step which is undoubtedly 
warranted by the foregoing facts), an important point will be 
gained in the direction of simple geological classification, —there 
will be for the entire- North American continent a single, com- 
prehensive term for two most closely related members of the 
Cretaceous system. With reference to the first of the observa- 
tions in the last paragraph, admitting the undesirability of such 
a grouping for the geology of Canada, it is, nevertheless, 
strongly advocated for that of the United States, in which the 
circumstances of deposition and life seem to be entirely differ- 
ent. 

The methods of classification hitherto employed by the more 
prominent authorities in western geology are partly at variance, 
and partly in harmony, with the one here suggested. 

That of the Fortieth Parallel Survey, which includes under 
the one group, Colorado, the Fort Benton, Niobrara, and 
Fort Pierre formations—the great clay series, in fact, of the 
middle Cretaceous—and which retains distinct the Fox Hills, 
making it of equal rank with the Dakota, Colorado, and Lara- 
mie, appears to have been adopted by them on petrological 
rather than paleontological grounds,—the available fossil evi- 
dence at that time being necessarily very imperfect as compared 
with the present day,—and because they did not always dis- 
tinguish the individual formations over the area covered by 
their explorations. 

Powell, on the other hand, who uses only local names, and 
does not attempt correlation with the Meek and Hayden groups 
of the Upper Missouri, divides this clayey series into two sub- 
divisions, the Salt Welis and Sulphur Creek, and probably 
leaves the upper portion of the Fox Hillsin his Point of Rocks 
group, which should correspond with King’s Laramie. 
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Finally, the practice of the Hayden Survey, in spite of the 
earlier agreement made by Dr. Hayden with Mr. King at the 
time of the publication of the Fortieth Parallel maps, gradually 
inclined to the classification and nomenclature ascribed to Dr. 
White on a preceding page, so that in the “ Geological Atlas of 
Colorado,” the middle Cretaceous groups are distinguished as 
Colorado and Fox Hills, the former including the Fort Benton 
and Niobrara, the latter the Fort Pierre and original Fox Hills. 

Turning now to the consideration of the names already in 
use for the systems of grouping as adopted by former geologists, 
and, of those proposed in the present article for the general 
division here advocated, a brief discussion as to their several 
merits will be the best means of bringing out the relative ad- 
rantages or disadvantages in their use. 

First, then, in regard to the terms employed by Mr. King in 
the survey of the 40th Parallel, it is evident that, inasmuch as 
the method of gr ouping there adopted cannot longer be accepted 
in the light of all the facts dev eloped, the significance of the 
names as there employed must likewise fall to ‘the ground ; and 
while it is found inadvisable to discard the names used in the 
reports of this Survey, it is to be understood that they will 
henceforth have a significance entirely different from that 
which they have gained in the usage of Mr. King. 

Dr. White, recognizing the undesirability of changing the 
nomenclature of groups upon what might be considered too 
slight a provocation, retained the names of King—* Colorado” 
and “ Fox Hills ”—but restricted the former to the two forma- 
tions, Fort Benton and Niobrara, and designated the general 
group embracing the Fort Pierre and Fox Hills, by the term. 
Fox Hills, discarding entirely the old established name of Fort 
Pierre. This practice Dr. White himself has sinee suggested, 
in a personal interview, is for obvious reasons liable to lead to 
confusion, so well known have become all the terms of the old 
nomenclature of Messrs. Meek and Hayden. 

The objections to the nomenclature of Powell as given 
above are at once obvious from the inapplicability of such local, 
indefinite, and obscure names as “Sulphur Creek” and “Salt 
Wells” as designations for groups so widely distributed, so ex- 
tremely characteristic, and now so well known. 

The facts in Canadian geology relative to the lower members 
of the middle Cretaceous series, which preclude for the pres- 
ent the grouping together of the formations in Canadian 
Territory that in a general way may be found to correspond to 
the Fort Benton and Niobrara in that of the United States, 
naturally also preclude the use of the term, Colorado, within 
the same area: for this portion of the Cretaceous, therefore, 
their formation names already in use, “Fort Benton” and 
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“Belly River,” will best be adhered to in all discussions regard- 
ing the geology of this region. In respect to the upper por- 
tion of the middle Cretaceous, the tendency of the Canadian 
Survey has, for some time, been in accord with the suggestions 
urged for acceptance in the preceding pages,—that is, toward 
the grouping together of the Fort Pierre and Fox Hills forma- 
tions, but under the designation “ Pierre (including Fox Hills)” 
rather than under a new term, employing the name, Fox Hills, 
to denote only the upper sandstones of the series, lithologically 
considered: this system of nomenclature is obviously open to 
the same criticism as that employed by Dr. White, namely, a 
confusion of ideas, necessarily resulting from the use of terms 
already long applied in an entirely different manner. 

To briefly compare, now, with the foregoing the merits of 
the group names suggested in the present paper. 

Ist, That of “Colorado”: this is retained on account of its 
long established usage and the impossibility of finding a term 
more suitable to the demands made upon it by the principles 
upon which it is to be employed; it has, indeed, had a signifi- 
cation different from that now assigned it, but this is by no 
means universally accepted, and hence cannot be considered an 
obstacle to its employment when really found desirable from 
every other point of view. 

2d, The term, “ Montana”: In the first place, as a name, it 
is of equal rank with those of the other general divisions of 
the Cretaceous as proposed in the present paper, that is, with 
the Dakota, the Colorado, and the Laramie, though of rather 
greater geographical value than the last; in the second place, 
it is an especially appropriate term from the facts, (a) that in 
the territory of Montana a large part of the surface area is 
occupied by one or the other of its sub-divisions, between 
which, here, as elsewhere, it is impossible to draw a definite 
line of separation, either lithologically or paleontologically, 
and (b) that Montana contains a relatively greater proportion 
of the outcrops of this formation than any other region of the 
Northwest, with the possible exception of the British North- 
west Territory; finally, there is the argument from its early 
discovery and study in this very area, an argument upon the 
principles of which, geological nomenclature has often, from 
the earliest times, been based. 

In the foregoing facts, therefore, there exist the strongest 
grounds for the adoption within the United States of the 
method of grouping the middle Cretaceous formations advo- 
cated in this paper, ‘and for the admission into geological 
literature of North America, of the name—Montana—as a 
designation of one of the more comprehensive divisions of the 
Cretaceous system. 


Am. Jour. Sct.—Tuirp Series, VoL. XXXVIII, No. 226.—Ocroser, 1889. 
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Art. XLIV.—Some Florida Miocene; by DanieL W. 
LANGDON, JR. 


JuDGE LAWRENCE JOHNSON, of the United States Geologi- 
eal Survey, has pointed out the existence of Miocene deposits 
occupying depressions in the Eocene White Limestone in the 
vicinity of Tallahassee, Florida, but so far as the writer is in- 
formed the formation has not as yet been noted as occurring 
farther westward. 

In November, 1887, while making a section of the Cretaceous 
and Tertiary rocks exposed along the course of the Chattahoo- 
chee river, the writer had the good fortune to discover at Alum 
Bluff some twenty-five miles below Chattahoochee or River 
Junction, Florida, the following section : 


Alum Bluff, Fla. 


White sand, evidently marine but ofrecent formation, 30 feet. 


Black lignitic sand, very pyritous, and from the efflorescence 
of ferrous sulphate arises the name Alum Bluff. Varia- 
ble in thickness, and unfossiliferous, 10-15 feet. 


3. Gray calcareous sand, highly fossiliferous, the principal shell 
being Mactra similis Con. Varies in thickness with pre- 
ceding stratum, 10-15 feet. 


. Gray sand, slightly calcareous, no fossils, . : 5 feet. 


. Light yellow sand, containing pockets of fossils. Where 
there are no shells the sand is very calcareous. To water’s 
edge and probably slightly thicker than. . 35 feet. 


Owing to the high stage of water it was not possible to collect 
many fossils from the lowest stratum, and only a partial series 
from the upper fossiliferous stratum is given. 

Stratum 3 contains: 


Echora quadricostata Say 
Buccinum porcinum Say. 
Conus adversarius Con. 
Cancellaria depressa T. & HU. 
Typhis acuticostata Con. 
Trochus philantrophus Con, 
Fusus cinereus Say. 
Dentalium attenuatum Say. 
Oliva litterata Say. 


Ranella (Eupleura) caudata Say. 


Cadulus thallus Con. 
Scalpellum, nov. sp. 


Hipponia Bullit T. & H. 
Crepidula plana Say. 
Crepidula fornicata Say. 
Trochita centralis ? 
Crucibulum ramosum Con. 
Pyrula pyriformis Con. 
Drillia lunata Lea. 

Natica heros Say. 

Natica duplicata Say. 
Turritella, Purdenii ? T. & H. 
Voluta sp. ? 
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Lucina contracta Say. (Chama congregata)| Nucula dallabella H. C. Lea. 
Lucina crenulata Con. Nucula limatula Say. 
Lucina cribraria Say. | Corbula cuneata ? Say. 
Lucina sp. ? | Ensis ensiformis Lin. 
Crassatella Marylandica Con. | Pecten eboreus Con. 

Venus concentrica Gmelin. Tellina, 2 sp. ? 

Venus cancellata Lin. | Arca incongrua Say. 

Dione cribraria Con. Arca lienosa Say. 
Mercenaria Rileyi Con. | Pectunculus subovatus Con. 
Circe metastriata Con. Ostrea disparilis Con. 
Cardita granulata | Panopea reflexa 

Mactra similis Say. | Carcharodon megalodon Ag. (tooth). 
Nucula ( Yoldia) acuta Con. Balanus sp. 


Stratum 5, from which only a few of the species were col- 
lected, contains among other fossils : 


Marginella limatula Con. Cerithium sp. ? 
Solarium perspectivum Lin. Strombus sp. ? 


Cytherea reposta Con. Hemicardium hemicardium Lin. 
Mercenaria tridachnoides Lam. Lucina Pennsylvanica Lin. 
Cardita arata Con. Lucina divaricata Lam. 
Cardium muricatum Lin. *Tellina alternata ——. 


A comparison of the foregoing list with Meek’s Check Listt+ 
and the valuable compilation of Prof. Heilprint shows that of 
the 63 species enumerated above, 44 or 70 per cent are found 
in South Carolina; 40 or 64 per cent are found in North Caro- 
lina; 26 or 41 per cent in Virginia; and 24 or 38 per cent 
among the newer beds in Maryland. A very fair inference 
then is that these Alum Bluff deposits are members of Dana’s 
Sumpter Epoch or Heilprin’s Carolinian, only one of the species 
enumerated, Crucibulum ramosum Con., being found in Heil- 
prin’s Marylandian, though a closer study of the fossils made 
possible by further collections may point to a faunal relation- 
ship to an older epoch. 

These Miocene strata dip toward the south about twenty-five 
feet to the mile, and are soon covered by the sands of the Drift 
and the cypress swamps so common along this coast. 

Immediately underlying these Miocene sands is a limestone 
of uncertain age, but which the writer is inclined to class with 
the Miocene beds. 

Southward from Rock Island, nine miles by water, above 

Jnattahoochee or River Junction, Florida, the white orbitoidal 
limestone disappears, and in lieu thereof there is a rock more 
argillaceous and siliceous in character resembling some phases 
of the Eocene Buhrstone. This limestone is very well devel- 
oped in a railroad cut about half a mile east of the Chatta- 

* The above determinations were made by and with the assistance of Mr. Tru- 
man H. Aldrich, of Biocton, Ala. 


+ Smithsonian Miscell. Col., vol. vii, 1867. 
¢ U.S. Tertiary Geology, Angelo Heilprin, 1884. 
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hoochee river, Ocheesee, fifteen miles below the railroad bridge, 
and again at Rock Bluff, two miles below Ocheesee. 


Section at Ocheesee, Fla. 
1. Argillaceous limestone, greenish yellow in color, no fossils 
2, A purer, more granular limestone, creamy white and soft, 
resembling the “chimney rock” phase of the Vicksburg 
group. Contains a few obscure corals to water edge, 5 feet. 

Rock Bluff, about thirty feet high, is made up of strata of 
limestone varying in purity as at Ocheesee. 

For this older member of the Miocene or newest member of the 
Eocene White Limestone the writer suggeststhe provisional name, 
Chattahoochee Group. The only fossils found were a large 
Pecten about 3” X34” and an oyster resembling very closely our 
living Ostrea Virginica. This group, estimated to be 250 feet 
in thickness, differs materially in its lithologic characteristics 
from any phase of the White Limestone yet observed in Ala- 
bama or Mississippi. On the rich black loam, derived from 
the disintegration of these slightly phosphatic limestones, the 
unique Zorreia taxifolia or “Stinking Cedar” is found grow- 
ing. 

These outcrops at Chattahoochee, Ocheesee, Rock Bluff, and 
Alum Bluff appear to be the western terminations of ridges 
that extend eastward parallel to each other like gigantic ribs, 
and between these ridges are found some of the richest “ hum- 
mock” lands in West Florida. 

On subsequent canoe trips down Conecuh and Pea rivers, 
the writer failed to discover any Miocene. deposits or any traces 
of the Chattahoochee Group, so that it is believed that the 
Chattahoochee river marks the western limit of undoubted 
Miocene or at any rate Dana’s Sumpter Epoch. 

University Ala., May 20, 1889, 


SCIENTIFIC INTELLIGENCE, 
I. CHEMISTRY AND Puysics. 

1. On the Heat of Combustion of Carbon.—BertHeE.or and 
Petit have determined with great care the heat of combustion 
of carbon in the three forms of charcoal, graphite and diamond. 
Finely powdered wood charcoal was puritied for the purpose by 
treating it successively with boiling hydrochloric and hydrofluoric 
acids, then igniting it in a current of chlorine gas and finally 
heating it to a high temperature in a Perrot furnace. On analy- 
sis it was found to contain 99°34 per cent carbon and 0°66 per 
cent of ash. The graphite was obtained by purifying the 
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crystallized variety by treating it several times with hydrochloric 
acid, washing and drying it, and heating it to redness in the open 
air for a short time. The diamonds used were those known as 
Cape diamonds and contained 0°12 per cent of ash; though 
essentially the same results were obtained with bort. The char- 
coal was burned with oxygen in a calorimetrical bomb under a 
pressure of 25 atmospheres. The graphite was mixed with from 
one-third to one-fifth its weight of naphthalene, the heat of 
combustion of which is accurately known, in order to burn it in 
the bomb. The diamonds finely pulverized were mixed with 11 
to 16 per cent of naphthalene. Six determinations were made 
with charcoal, five with graphite, four with Cape diamonds and 
two with bort. The heat of combustion of one gram was found 
to be for charcoal 8137°4 water-gram-degrees, for graphite 7901°2 
water-gram-degrees and for diamonds 7859-0 water-gram-degrees, 
Thus 
C (diamond) +0,=CO, develops + 94:31 cal. 
C (graphite) +O,=CO, “ +94°81 “ 
C (charcoal) +O,=CO, +9763 “ 
— C. R., eviii, 1144-1148. G. F. B. 

2. On the Molecular Mass of Dissolved Substances.—W 111. and 
BrepieG have devised a modification of the methods of Tamman 
and Walker for estimating the vapor-pressure of a solution in 
order to measure the influence of the substance in solution on the 
vapor-pressure of the solvent, and so, from the results obtained, 
to determine the molecular mass of the dissolved substance. The 
solution is contained in a specially constructed Liebig apparatus 
having a number of bulbs, and the pure solvent itself is contained 
in a second and similar bulb. These two bulbs are weighed, 
joined in series, and air is passed through them for twenty four 
hours at the rate of about a liter per hour, both bulbs being im- 
mersed in a bath of constant temperature. At the end of the 
operation the bulbs are again weighed. The loss in weight of 
the first is proportional to the vapor-pressure of the solution, that 
of the second to the difference of the vapor-pressures of the pure 
solvent and of the solution. From these figures the molecular 
mass of the dissolved substance may be calculated by Raoult’s 


100 
in which M is the molecular mass of the dissolved substance, m 
is the molecular mass of the solvent (for alcohol 46), p is the 
number of grams of substance dissolved in 100 grams of the 
solvent, f is the vapor-pressure of the solvent and f” that of the 
solution both at the same temperature. If s’ be the loss in weight 
of the bulbs containing the solution, and s” that of the bulbs 
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containing the solvent, then = —, and the above formula 
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becomes M=m. 
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From the variety of solvents experimented with by the authors, 
they have given the preference to alcohol; whence substituting 
its molecular mass for m, we have 


From the results obtained with this method, the authors give the 
following values, the numbers in brackets being the true molec- 
ular mass: nitrobenzene (123) 122, 127; acetamide (59) 58; 
ethyl benzoate (150) 137 and 143; benzoic acid (122) 107, 108; 
picric acid (229) 264; diphenylamine (169) 153, 146; atropine 
(289) 275, 250; hyoscyamine (289) 263; formamide (45) 49, 50 ; 
ethyl salicylate (166) 187, 189; urethane (89) 87, 91; carbamide 
(60) 60, 61; vanillin (152) 130, 135; acetovanillon (a new body 
not yet described OH . C,H, (OMe) . COMe) (166) 144, 165, 157, 
156. Since the new method requires three weighings only and is 
independent of delicate thermometric readings, it is obviously a 
very convenient method in practice.—Ber. Berl. Chem. Ges., 
xxil, 1084-1092; J. Chem. Soc., lvi, 820, Sept. 1889. «GF. B. 
3. On the Boiling point of Ozone and the Solidifying point of 
Ethylene.—The experiments of Hautefeuille and Chappuis have 
proved that ozonized oxygen condenses to a dark blue liquid 
under a pressure of 125 atmospheres and at the temperature at 
which ethylene evaporates under the atmospheric pressure, namely 
—102°5°. Since the ozone remains in a liquid state after the pres- 
sure has been reduced to that of the atmosphere, it follows that 
the boiling point of ozone cannot be very much lower than that 
of ethylene. Consequently OLzewsk1 attempted to obtain liquid 
ozone by cooling ozonized oxygen to —150° at the ordinary atmo- 
spheric pressure. But though the receiver was cooled to —157° 
by liquid ethylene, no liquefied ozone was obtained, the result be- 
ing due evidently to the large quantity of oxygen with which it 
mixed. But by using liquid oxygen at atmospheric pressure in 
place of ethylene, the temperature being now —181°4° the ozone 
was easily obtained in the form of a dark blue liquid. If by in- 
jecting the ozonized oxygen into a tube thus surrounded with 
liquid oxygen at this temperature, a drop of liquid ozone was 
formed, the author observed that on allowing the oxygen to evap- 
orate, the influx of gas being stopped, the ozone remained liquid 
until the whole of the oxygen had evaporated. When this point 
was reached the temperature would be about —150°. At the 
boiling point of oxygen, the ozone remained a liquid, which was 
transparent in thin layers but almost opaque in a layer 2™ thick. 
To determine the boiling point of the ozone, the tube containing 
it was placed in liquid ethylene at —140°. The ozone remained 
liquid until the ethylene had nearly reached its boiling point, 
when the temperature of its evaporation was noted on a sulphu- 
rous oxide thermometer and found to be —109° corresponding to 
—106° on the hydrogen thermometer. Hence this temperature 
—106° may be taken as the boiling point of liquid ozone. On 
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evaporation the ozone became a bluish gas which readily recon- 
densed in liquid ethylene. 

The author has succeeded in solidifying liquefied ethylene by 
enclosing it in a tube surrounded by liquid oxygen, this tube 
being itself surrounded with liquid ethylene. It was found to 
solidify at about the boiling point of oxygen —181°4°, toa white 
crystalline semi-transparent mass. On allowing the pressure and 
temperature to increase gradually by closing the stopcock which 
allowed the oxygen to escape, the solid ethylene became liquid at 
a pressure of 3°4 atmospheres, at which, as the author has shown, 
the temperature of the liquid oxygen would be —169°. This may 
therefore be taken as the melting point of solid ethylene.—Ann. 
Phys. Chem., I, xxxvii, 337-340; J. Chem., Soc. lvi, 821, Sept., 
1889. G. F. B. 

4. On the Constitution of the Thionic acids.—BrrtTHELOT has 
made a thermochemical study of the action of alkali hydrate upon 
the thionic acids. Treated with excess of the hydrate the penta- 
thionates evolve heat and give thiosulphate. Since the heat ob- 
served was only +44 cal., while complete decomposition requires 
+48 cal., the change is incomplete. If the change of penta- 
thionic into thiosulphuric acid be effected by the assimilation of 
water according to the reaction (H,S,O,),4+-(H,O),=(H,S,9,), 
the heat absorbed would be —34°6 cal. But this conversion in- 
creases the saturating power and corresponds to an increase of 
the heat of neutralization of +82°8 cal.; leaving a balance of 
+48°2 cal. in favor of the reaction. When tetrathionates are 
treated with alkali hydrate they are slowly converted into thiosul- 
phate and sulphite (Na,S,O,),+-(Na,O),=(Na,S,0,),+(Na,SO.,),. 
This reaction when complete gives rise to an evolution of heat 
corresponding to +72°6 cal., and the conversion of tetrathionic 
acid into thiosulphuric and sulphurous acids would absorb —18°6 
cal. The exothermic character of this reaction, like that of the 
preceding one, depends on an increase in the saturating power of 
the acids. The trithionates are more stable and their reaction 
with alkali hydrate cannot be detected at ordinary temperatures 
until after a considerable time. On heating, however, the trithi- 
onate is converted into thiosulphate and sulphite (K,S,O,),+ 
(K,O),=K,S,0,+(K,SO,),; a change corresponding when com- 
plete to the evolution of +35°8 cal. The heat absorbed by the 
conversion is —36'2 cal., but that corresponding to the increase 
in the heat of neutralization is +72°0 cal. On the dithionates in 
the cold, sodium hydrate has no action. From these results 
Berthelot regards the thionic acids as derivatives of condensed, 
simple or mixed anhydrides, themselves derived from thiosul- 
phuric and sulphurous acids. If thiosulphuric acid be regarded 
as 8,0, . H,O, it is capable of giving rise to a series of condensed 
anhydrides having the general formula »8,0,.n—mH,O, the 
basicity of the resulting acids being proportional to m. Hence 
according to this view pentathionic acid would be (S,O,),(H,O),, 
n and m being in this case 5 and 3 respectively. If sulphurous 
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acid SO, . H,O be present also it may act similarly and the follow- 
ing mixed condensed anhydrides would be obtained; (S,0O,), 

(SO,), .(H,O), which is acid; 8,0, . (SO,),. (H, 0), 
which is trithionic acid; (S,0,),. . (H,0), which is the acid 
obtained when preparing sent dihiorko acid by the method of 
Debus, in the first crystallizations; and (S,O,),.(SO,),. (H,O),, 
an acid not yet isolated. Since the seh toa of the oe i 
acids into thiosulphuric acid alone or into this acid and sulpbur- 
ous acid would involve an absorption of heat, the change does 
not occur in acid solutions.— C. #., eviii, 925-930; J. Chem. Soc., 
lvi, 823, Sept., 1889. G. F. B. 


II. GroLoGy AND MINERALOGY. 


1. Geological Society of America.—Sessions of the Geological 
Society were held at Toronto on Wednesday, August 28th, after 
the General session of the American Association, and also on 
Thursday, August 29th. Professor James Hatt was the president 
of the meeting. Besides the address of the president and the 
transaction of business connected with the organization of the 
Society, papers were read as follows: J. D. Dana on the Areas 
of Continental Progress in North America, and the influence of 
these areas on the work carried on within them; James Hatt, on 
the subdivision and grouping of species usually included under 
the generic term Ortbis, in accordance with external and internal 
characters and microscopic shell structure, and on new genera 
and species of the Family Dictyospongide ; G. K. GiBert, on 
the strength of the Earth’s Crust; JosepH LeContTe, on the 
origin of normal faults and of the structure of the Basin-region ; 
T. C. CuampBertty, on Bowlder belts as distinguished from 
Bowlder trains, their origin and significance ; C. D. Waxcort, 
study of a line of displacement in the Grand Cafion of the Colo- 
rado, Arizona; J. F. Kemp, on Trap dikes near Kennebunkport, 
Maine. Although the number of members enrolled exceeds one 
hundred and fifty, and many of them were present, the sessions 
for reading papers were restricted to Thursday in order not to 
interfere with the American Association. The Society adjourned 
to meet in the city of New York on the 26th of December. 

2. North American Geology and Paleontology.—This is the 
title of a work, now in press, by S. A. Mitrer of Cincinnati. 
The book will be in royal octavo and contain about 800 pages of 
two columns each in brevier type. The first hundred pages is 
devoted to Geology and the laws of nomenclature, then follows a 
Catalogue of the American Paleozoic Fossils arranged in classes 
with the genera in alphabetical order. Every genus is defined 
and nearly” all of them are illustrated and to a great extent by a 
figure of the type species. Synonyms, preocenpied names and 
those too poorly defined to warrant recognition are in italics. 
Special attention has been paid to Classification so as to present 
to view, at once, the existing state of our knowledge of the zool- 
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ogy of the Paleozoic era. The book will contain a glossary and 
also an index of the genera, and is expected to be ready for 
delivery by November. It is to be published by the author. 

3. Note on the composition of Uraninite; by W. F. Hrtix- 
BRAND (Communicated).—In the course of an examination of 
uraninite which began with a specimen from Glastonbury, Conn., 
and which has since been extended to specimens from every 
available locality in this country and Europe, it was noticed that 
on treatment of uraninite with an acid—sulphuric, hydrofluoric, 
or hydrochloric,—a gas was invariably liberated in rather con- 
siderable quantity so long as any of the mineral was yet unde- 
composed, the time required varying very greatly with specimens 
from different localities. The quantity of this gas given off has 
been found to be from one to two per cent of the weight of the 
mineral, and careful spectroscopic as well as eudiometric tests 
indicate that it is nothing else than nitrogen. As to the reaction 
by which this gas is given off or the manner in which it is 
combined in the mineral, no clue has yet been discovered. It is 
only in part driven off by ignition in air, and the portion retained 
seems to bear a direct relation to the amount of NO, still in the 
ignited product. Pending further investigation looking to the 
clearing up of these interesting points and to the settlement of 
the composition of uraninite in general, regarding which in other 
respects as well as the above, my results are widely at variance 
with those of Comstock, Blomstrand, and Lorenzen, this prelimi- 
nary notice is now made public. It may be added that no uran- 
inite from any American or European locality from which 
specimens were obtainable except Bohemia has failed to show a 
considerable percentage of thoria or (in one case) zirconia. 

Laboratory of the U. S. Geol. Survey Washington, D. C., Sept. !1th,, 1889. 


4. Minerals from Franklin, N. J.—Dr. G. A. Koenie has 
recently described the occurrence of chloanthite at the Trotter 
mine, Franklin, N. J.; it is chiefly massive, but crystals of 
octahedral habit have also been observed. An amorphous min- 
eral of a green color occurring as a crust or filling cavities in 
fluorite has proved to be a hydrous silicate of nickel and zinc (ZnO 
4:00 p.c.) allied to garnierite, giving the formula (Ni, Zn, Fe) 
Si0,+14$H,O. This is named De Savvesite after Major A. B. 
de Saules, manager of the Trotter mine. An analysis is also 
given of a manganesian variety of willemite, (ZnO 60°61, MnO 
10°04), to which the name of TEPHROWILLEMITE is attached.— 
Proc. Acad. Sei. Philad., p. 184, 1889. 


III. MiIscELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Parallaxes of the fixed Stars.—In the Astronomische Nach- 
richten Nos. 2915-6 Dr. Oudemans gives the results of the deter- 
minations of stellar parallax by astronomers during the last 60 
years, being a Jubilee memoir on the 50th anniversary of the 
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Pulkova Observatory. The following tables give the parallaxes 
arranged in the order of magnitude of the proper motions of the 


stars, 
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2. American Association for the Advancement of Science.— 
The thirty-eighth meeting of the American Association was held 
in Toronto, in the University building, during the week com- 
mencing with the 28th of August, under the presidency of Prof. 
T. C. Mendenhall, Superintendent of the Coast and Geodetic 
Survey. 

The address of the retiring president, Major Powell, who was 
absent, was delivered Wednesday evening by Prof. G. K. Gilbert 
—the subject, the Evolution of Music. Opening addresses were 
made to the sections on the afternoon of Wednesday by the 
vice-presidents: Mr. R. S. Woopwarp, on the Mathematical 
Theories of the Earth; Prof. H. S. Caruart, on Theories of Elec- 
trical Action; W. L. Duptey, on Amalgams; Dr, C. A. WuarrE 
on Mesozoic divisions of the Geological record as exhibited on 
this Continent; Prof. G. L. Goopare, on Protoplasm or Living 
Matter; Col. G. Matiery, on the Israelite and Indian parallel 
in planes of culture; Col. Cuartes 8. Hitz, on the economic 
and sociologic relations of the United States and Canada, pros- 
pectively considered. Friday evening Prof. Gilbert gave a lec- 
ture on the Geological History of the Niagara River. On 
Monday evening a lecture was delivered by Prof. H. Carrington 
Bolton on “ four weeks in the Deserts of Sinai.” 

Indianapolis was selected as the place for the next meeting, 
and appointments of officers were made as follows: for President, 
Prof. Grorer L. Goopas, of Cambridge, Mass. For Vice- Pres- 
idents, S. C. CHANDLER, of Cambridge, in the section of Mathe- 
matics and Astronomy; CLEVELAND ABBE, of Washington, in 
that of Physics; R. B. Warpen, of Washington, in that of 
Chemistry; James E. Denton, of Hoboken, N. J., in that of 
Mechanical Science and Engineering; Jonn C. Branner, of 
Arkansas, in that of Geology and Geography; C. 8S. Mrnor, of 
Boston, in that of Biology; Frank Baker, of Washington, in 
that of Anthropology, and J. R. Dopex, of Washington, in that 
of Economic Science and Statistics. For Permanent Secretary, 
F. W. Putnam, of Cambridge, as heretofore; General Secretary, 
H. C. Botron, of New York; Secretary of the Council, JaAmMEs 
Loupon, of Toronto. 

The citizens of Toronto made in many ways very liberal provi- 
sions for the entertainment of the members of the Association. 
On Saturday there was an excursion for the day to Niagara 
Falls, and another to the Muskoka Lake region, over a hundred 
miles north of Toronto. There was also a geological excursion, 
starting Tuesday night, after the close of the meeting, to the 
Huronian region. 

The following is a list of the papers read at the sessions: 


Section of Mathematics and Astronomy. 


G. W. HoueH: The New Dearborn Observatory. 

E. S. Hotpen: Astronomical Observations made with the Great Telescope of 
the Lick Observatory since June, 1888. 

C. H. CHanpLER: A Desideratum in the presentation of mathematical truth. 
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J. D. WARNER: Method of finding Factors. 
. C. Comstock: Use of a floating mirror as an auxiliary to a meridian circle. 

J. R. Eastman: Relation Between Stellar Magnitudes, Distances, and Motions. 

Wma. A. Rocers: On the Proper Motions of the Stars in the Harvard College 
Observatory Zone, between the limits 50° and 55° Declination; Graduation of 
Meridian circles in situ. 

J. E. HENDRICK: Formula for the Probability of any fact or occurrence about 
which any number of witnesses testify. 

W. HARKNESS: The Solar parallax and its related constants. 

S. W. Burnnam: Double Star discoveries and measures at the Lick Observa- 
tory. 

H. Farquuar: A proposed Catalogue of Declinations. 

F. H. Bigetow: The Solar Corona, a phenomenon in Spherical harmonies; 
Automatic photographic Transits. 

D. P. Topp: The Automatic Echpsograph. 

E. Frissy: Errors in Star Catalogues. 

EK. D. Preston: The Peruvian Arc. 

J. A. BrasHeaR: New arrangement for an astigmatic Eye-piece; The Hast- 
ings Achromatic Objective ; The Jena optical giass. 

J. B. Wess: A Precession model; The Polar Tractrix; The Centrifugal 
Catenary. 

F. P. LEAVENWORTH: Annual parallax of South 503. 


Section of Physics. 


Romyn Hitcucock: Exhibition of a new Spectroscope Slit; Exhibition of a 
Thermometer with constant Zero Point. 

W. LeConre StevENS: The Measurement of magnification in the Microscope. 

Wm. A. RoGers and R. 8. WoopwarRb: Concerning Thermometers. 

Wa. A. Rogers: Experimental proof of Newton’s law of cooling ; Additional 
experimental proof of the constancy of the relative coefficient of expansion 
between Jessop’s Steel and Bronze between the limits of minus 5° and 95° F. 

H. T. Eppy: On the Partition of the mean Kinetic Energy of a perfect gas be- 
tween the rotary and translatory motions of its molecules; Note on the Magnetic 
Rotation of Polarized Light according to the Electro-magnetic Theory. 

H. C. Botton: Sonorous sand in the Peninsula of Sinai. 

T. Gray: Relative Merits of Dynamometric and Magnetic methods of obtain- 
ing absolute measurements of Electric currents. 

H. J. Ryan: A Quadrant Electrometer. 

H. S. CarHart: Magnetic leakage in Dynamos; An Improved Standard 
Clark cell with low temperature-coefficieut. 

T. C. MENDENHALL: On Globular Lightning. 

KE. L. NicHots and B. W. Snow: A Preliminary Report on the influence o 
temperature upon the Color of pigments. 

M. A. VEEDER: The Solar condition upon which the Aurora depends. 

C. ABBE: The Determination of the amount of rainfall. 

C. Barus: The Hydro-electric effect of stretching metals. 

G. F. BarKer: Recent progress in Storage Batteries. 

R. B. Futton: A mode of suspension for Foucault’s Pendulum. 

A. L, AREY: A modification of the “ Pascal’s Vase’ Experiment. 

C. E. Monroe: Experiments for demonstrating that the force of a detonating 
explosion is exerted in all directions about the explosive center. 

T. Frencu, JR.: Effects of Electrostatic discharges on Photographic plates 

C. 8S. Cook: A mountain study of the spectrum of Aqueous Vapor. 

Wm. A. Rogers and J. B. Wess: Experimental determination of the periodic 
pulsations of a Thermometer made of the new “Jena” glass. 

A. M. RosepruGH: An exhibition of Photographs taken in 1864 of the Living 
Eye; An exhibition of Photographs of the Fundus of the Eye of the Cat, taken 
while under the influence of Chloroform; Experiments in Duplex Telephony in 
1883. 
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Section of Chemistry. 


R. B. WARDEN: Dynamical theory of albuminoid ammonia. 

C. E. Monroe: Molugrams and molugram liters; Explosiveness of the Cellu- 
loids. 

R. Hitcucock: Action of light on silver chloride: Method of mounting Photo- 
graphic prints on paper; Spectrum Photography. 

F. W. CLARKE: The Chemical composition of the Mica group. 

E. Hart: New Bottle for Hydrofluoric Acid. 

H. W. Witey: Some peculiarities of Butter ; Composition of the Seed of Cala- 
eanthus Plaucus. 

M. A. ScovELL: Notes on the estimation of Nitrogen by the Kjeldahl Method. 

ADOLPH BAYER, Munich, Germany, and A. W. Noyes: Succinylo-succinice Acid. 

ALBERT B. Prescott: Estimation of bromine in presence of chlorine. 

W. O. ATWATER: On the acquisition of atmospheric Nitrogen by Plants. 

F, HOFFMANN: Food preparation. 

C. C. James: The composition of Ontario Oats. 

L. P. Kinnicutt: Jadeite and Nephrite. 


Section of Mechanica! Science and Engineering. 


O. CHANUTE: Results of recent experiments to determine the resistance of air 
to inclined planes in motion, with applications to the problems of soaring Pigeons ; 
The Preservation of Timber. 

EK. B. Perry: Experimental Comparison of the Performance of Steam Injectors 
vs. a Duplex Steam Pump. 

J. E. Denton: Relative Economy of modern Air-Compressors ; Probable prin- 
cipal cause of superior economy of Multiple Expansion Engines. 

M. E. CooLey: Performance of a pumping engine; Note on performance of a 
Vibrating Piston Engine. 

T. Gray: New device for autographic registry in tension tests. 

W. R. WaRNER: Notes on anti-friction construction for revolving mechanism 
for Observatory domes. 


Section of Geology and Geography. 


W. J. McGreE: Topographic types of N. E. Iowa. 
G. F. Wrigut: Lake-ridges of Ohio and their probable relations to lines of 
glacial drainage into the Susquehanna Valley. 
C. R. DRYER: Moraines of the Wabash-Erie region; the Irondequoit glacier. 
F, LEVERETT: Glacial phenomena of Northern Indiana and northeastern Illinois, 
A. S. BickMoRE: Attractive scenery of our own land. 
E. Jones: The Mastodon of Kent and what we know about it. 
Str Wa. Dawson: New fossil plants from the Erian and Carboniferous, and 
the characters and affinities of the Paleozoic Gymnosperms. 
H. C. Hovey: Mammoth Cave. 
H. S. Witurams: The Devonian System of South Devonshire. 
E, W. CLAYPOLE: The reality of a level of no Strain in the crust of the Earth. 
A. WINCHELL: The Geological Position of the Ogishke Conglomerate. 
R. Bett: The Origin of Gneiss and other Primitive Rocks. 
E. O. Hovey: Observations on the Trap Ridges of the East Haven (Conn.) 
Region. 
N. H. WINcHELL and H. V. WINCHELL: On a possible chemical origin of the 
Iron Ores of the Keewatin in Minnesota. 
F. L. Nason and W. F. FerRiER: Notice of some Zircon rocks in the Archean 
Highlands of New Jersey. 
P J. F. Kemp: Trap Dikes in the region about Lake Champlain and the Adiron- 
acks, 
C H. Hircencock: Field studies of the Hornblende Schist. 
C. A. WuiTE: Remarks on the Cretaceous of Northern Mexico. 
RoBeRT Hay: On a Kansas salt mine. 
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R. T. Him: A Classification of the topographic and Geologic features of 
Texas, with remarks upon the areal distribution of the Geologic formations; The 
Eagle Flats formation, and the Basin of the Trans-Pecos or Mountainous region of 
Texas; The Geology of the Staked Plains of Texas, with a description of the 
Staked Plains Formation; The Geology of the valley of the Upper Canadian from 
Tascosa, Texas, to the Tucumcarri Mountains, New Mexico, with notes on the 
age of the same; Two new faunas from the Lower Cretaceous formation ot 
Texas; (a) Caprina Limestone Fauna, (8) The Shoal Creek Limestone Fauna. 

R. T. Hitt and E. T. DumsBie: The Ancient Volcanoes of Central Texas. 

A. C. Lawson: Note on the mapping’ of the Archean northwest of Lake 
Superior; On the structural and chemical differentiation of certain dikes of the 
Rainy Lake Region. 

H. T. FULLER: Natural gas in Fredonia, N. Y.; Preservation of glaciated rocks 
in Worcester, Mass. 

C. A. WaLpo: The Petroleum belt of Terre Haute. 

D. S. MarTIN: On the Origin of Diagonal Trends in the Earth’s Crust. 

A. WANNER: Casts of Scolithus flattened by Pressure. 

J. W. SPENCER: Origin of Bowlder Pavements and Fringes. 

J. F. James: Section of the Makoqueta shales in Iowa. 

J.S. NEWBERRY: History of the formation of the Great Lakes. 


Section of Biology. 


T. MEEHAN: On the position of the nectar glands in Echinops; On the assump- 
tion of floral characters by axial growths in Andromeda Catesbei; On the signifi- 
cance of dicecism as illustrated by Pycnanthemum; On the Epigynous gland in 
Diervilla and the genesis of Lonicera and Diervilla. 

W. H. DALL: On the conditions of molluscan life in the deep sea; On the 
higher division of the Pelecypoda. 

JOHN B Situ: Some peculiarities of the antennal structure in the Deltoids. 

W. Epgar TAYtLor: History and migration of the American Crow in Nebraska. 

F. L. Stewart: Some physiological traits of the solid-stemmed grasses and 
especially of Indian Corn (maize). 

N. L. Britton: On the genus Eleocharus in America; On the flora of New 
Jersey ; The new botanical laboratory of Barnard College; On the tropical distri- 
bution of certain sedges. 

A. J. Cook: Alimentary apparatus of the Honey Bee. 

Wm. A. DupLEY: A suggestion concerning scientific work. 

L. O. Howarp: A newly imported Elu insect. 

W. J. Beat: Notes on seedlings of Elymus virginicus; Notes on Bird’s Eye 
Maple. 

I. 0. Howarp: Note on the Collony Maple-Scale parasites. 

CG. M. Weep, I. B. Smita: Remarks on the characters of the genus Agestes. 

W. H. Epwarps: Notes on breeding butterflies. 

A. J. Cook: A new furniture enemy. 

J. Macoun: A note on some Alpine butterflies. 

J. B. Smita: The House-fly ; Heematobia cornieula. 

B. D. HALSTED: Reserve food substances in twigs; Notes upon stamens of 
Solenacez. 

D. S. Jorpan: The relation between temperature and the number of vertebrie 
in fishes. 

T. J. Burritt: A bacterial disease of Indian Corn; Fermentation of Ensilage. 

J.C. ArtHur: A bacterial disease of Carnations. 

F. V. CovittE: Revision of the U.S. species of Fuirena. 

C. V. Ritey: Intentional importation of parasites and natural enemies of 
Insects injurious to vegetation. 

C. W. Hareitt: Preliminary report on reproductive characteristics of Hydroid 
Eudendrium. 

F. L. ScR1iBNER: Grasses of Roan Mountain. 

D. F. Day: Observation on Calamintha Nuttalii. 

H. F. OssporneE: Paleontological Evidence for the transmission of acquired 
Characters. 
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R. R. WriGHT: Modern teaching appliances in Biology. 

G. L. GoovaLE: On a convenient method of subjecting living cells to coloring 
agents. 

A. W. ButueR: Notes on the local distribution of some birds. 


Section of Anthropology. 


W. HouGu: Notes on Aboriginal fire-making. 

R. Hitcucock: Shinto, the religion of the Japanese. 

J. O. Dorsey: Siouan term for Mysterious and Serpent; Gens and Sub-gens 
as expressed in four Siouan languages. 

W. J. McGEE: Some Principles of Evidence relating to the Antiquity of Man. 

W. H. Hotmes: On the Evolution of Ornament, the American lesson. 

H. Montgomery: Aboriginal Mounds of North Dakota. 

W. M. BEAucHAMP: Iroquois White Dog Feast. 

H. W. Hanss#aw: Mission and Mission Indians of California. 

C. C. ABBortT: Evidences of the succession of paleolithic Man in Delaware R. 
valley. 

G. Brres: The Winnipeg Mound region. 

D. R. Keys: Artificial Languages. 

H. HENSHAW: New Linguistic family in California. 

Mrs. R. HItcHcooK: Parsee towers of Slima. 

H. C. Botton: Seega, an Egyptian game. 

De Cost Smitt: Anondaga Shamanic Masks. 

A. E. Dovetas: Gold ornaments from Florida. 

ALICE ©. FLETCHER: Phonetic alphabet of the Winnebagoes. 

W. J. HorrMan: Middlewiwin, or Grand Medicine Society of the Ojibwas. 

A. F. CHAMBERLAIN: Algonkin Onomatology; A Mississagua Legend. 

J. O. Dorsey: Indian Personal names; Places of Gentes in Siouan Camping 
Circles; Onomatopes, Interjections, ete. 

D. Witson: Huron—Iroquois of the St. Lawrence and Lake Region. 

J. McLEAN: Gesture Language of Blackfoot Indians. 

J.C. Hamitton: The African in Canada. 

W. M. Beavcuamp: Indian Burial in New York. 

A. E. Doueias: Portrait Pipe from Central America. 

O JI-JA-TEK-HA: Government of the Six Nations. 

R. Hitcucock: Ancient Japanese Tombs and Burial Grounds; Ancient Pit- 
dwellers of Yezo. 

F, W. Putnam: Explorations about the Serpent Mound of Adams Co., Ohio, 
for which a grant was made by the Association. 

H. Montgomery: Aboriginal Monuments of North Dakota. 

F, E. BaBsitt: Little Falls Quartzes. 

ATREUS WANNER: Steatite Ornaments from the Susquehanna River. 

F. F. PAYNE: Notes on the Eskimo of Cape Prince of Wales, Hudson’s Strait. 

HARLAN H. BALLARD: Contents of Children’s Minds. 
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OBITUARY 


GiusrPpPpE MeneGuini.—An announcement of the death of Pro- 
fessor Meneghini in January last appeared in the last volume of 
this Journal. Born in haga in July, 1811, he died at Pisa 
where he had passed forty years of his: life “ the admiration,” 
says Professor Capellini, “ of gente Racy of friends, and of the 
city;” and by the decree of the city, he was buried in the monu- 
mental Campo Santo, by the side of Paolo Savi. 

Professor Meneghini’s first scientific investigations were botani- 
cal. Their publication commenced in 1834; and until 1849 his 
work was chiefly in that department. Soon after this date ap- 
peared his first paper on the Geology and Paleontology of Tus- 
cany, and subsequently his work was almost exclusively pale- 
ontological; and in his many memoirs he covered nearly all 
departments of zoology. In 1857 was published his report on the 
Paléontology of Sardinia, in the “ Voyage en Sardaigne” of 
General A. De la Marmora, and from 1867 to 1881, monographs 
on fossils, in the “ Paleontologie Lombarde” of Stoppani. The 
last of his numerous publications was a memoir, in 1888, on the 
Cambrian Fauna of Iglesiente in Sardinia, in which he describes 
the Cambrian Trilobites and illustrates them with seven plates of 
figures. 

“In 1849, Meneghini was made Professor of Mineralogy and 
Geology in the University of Pisa, his connection with the Uni- 
versity of Padua having been cancelled in 1848, for political 
reasons, In 1874, the chair was divided, the department of 
mineralogy being given to Professor D’Achiardi, leaving to him 
that of geology. He was President of the “Societa Toscana di 
Scienze Naturali” from its foundation until 1874; also of the 
“Societa Malacologica Italiana,” of the Geological Society of 
Italy, and of the Comitato Geologico. 

In 1884, the fiftieth anniversary of the commencement of his 
career as instructor, a gold medal was struck in commemoration, 
at the expense of contributors all over the scientific world. In 
1886 he was made Senator—an honor well-merited, says Professor 
Seguenza, in view of the positions he held, his academic honors 
and his scientific labors. 

GrorcrE H. Cook, the able Geologist of the State of New 
Jersey, and Professor in Rutgers College, died on the 22d of 
September at the age of seventy-two. 
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